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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

Nucleic acid hybridization has been employed for investigating the identity and establishing the presence of nucleic 
acids. Hybridization is based on complementary base pairing. When complementary single stranded nucleic acids are 
incubated together, the complementary base sequences pair to form double stranded hybrid molecules The ability of 

io single stranded deoxyribonucleic acid (ssDNA) or ribonucleic acid (RNA) to form a hydrogen bonded structure with a 
complementary nucleic acid sequence has been employed as an analytical tool in molecular biology research The 
availability of radioactive nucleoside triphosphates of high specific activity and the 32 P labelling of DNA with T4 kinase 
has made it possible to identify, isolate, and characterize various nucleic acid sequences of biological interest. Nucleic 
acid hybridization has great potential in diagnosing disease states associated with unique nucleic acid sequences 

'5 These unique nucleic acid sequences may result from genetic or environmental change in DNA by insertions, deletions, 
point mutations, or by acquiring foreign DNA or RNA by means of infection by bacterid, melds, fungi, and viiusas. 
Nucleic acid hybridization has, until now, been employed primarily in academic and industrial molecular biology labo- 
ratories The application of nucleic acid hybridization as a diagnostic tool in clinical medicine is limited because of the 
frequently very low concentrations of disease related DNA or RNA present in a patient's body fluid and the unavailability 

20 of a sufficiently sensitive method of nucleic acid hybridization analysis. 

Current methods for detecting specific nucleic acid sequences generally involve immobilization of the target nucleic 
acid on a solid support such as nitrocellulose paper, cellulose paper, diazotized paper, or a nylon membrane. After the 
target nucleic acid is fixed on the support, the support is contacted with a suitably labelled probe nucleic acid for about 
two to forty-eight hours. After the above time period, the solid support is washed several times at a controlled temper- 

25 ature to remove unhybridized probe The support is then dried and the hybridized material is detected by autoradiog- 
raphy or by spectrometric methods 

When very low concentrations must be detected, the current methods are slow and labor intensive, and nonisotopic 
labels that are less readily detected than radiolabels are frequently not suitable. A method for increasing the sensitivity 
to permit the use of simple, rapid, nonisotopic, homogeneous or heterogeneous methods for detecting nucleic acid 

30 sequences is therefore desirable. 

Recently, a method for the enzymatic amplification of specific segments of DNA known as the polymerase chain 
reaction (PCR) method has been described. This in vitro amplification procedure is based on repeated cycles of de- 
naturation, oligonucleotide primer annealing, and primer extension by thermophilic polymerase, resulting in the expo- 
nential increase in copies of the region flanked by the primers. The PCR primers, which anneal to opposite strands of 

35 the DNA, are positioned so that the polymerase catalyzed extension product of one primer can serve as a template 
strand for the other, leading to the accumulation of a discrete fragment whose length is defined by the distance between 
the 5' ends of the oligonucleotide primers 

Another method has also recently been described for amplifying nucleic acid sequences This method is referred 
to as single primer amplification because unlike PCR, it utilizes only one primer, not two as required by PCR This 

JO method provides for the amplification of a target sequence that possesses a stem-loop or inverted repeat structure 
W here the target sequence is flanked by relatively short complementary sequences. Various methods for creating such 
a target sequence in relation to the presence of a polynucleotide analyte lo be detected have also been described 

One problem with the use of synthetic oligonucleotide primers is that such primers are susceptible to degradation 
by the exonuclease activities associated with many DNA polymerases used in amplification procedures One such 

4$ procedure, as mentioned above, is PCR, which provides for an exponential amplification of nucleic acids. PCR is 
generally carried out using a Taq polymerase, which lacks a 3'-5' exonuclease activity and is not capable of removing 
mismatches Numerous modifications of this procedure have been described, some requiring temperature cycling 
others amplifying at a single temperature Those maintaining a single temperature rely on the activities of as many as 
four enzymes to achieve amplification, whereas procedures involving temperature cycling depend on heat-stable 
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2 Description of the Prior Art 

A process for amplifying, detecting and/or cloning nucleic acid sequences is disclosed in U.S. Patent Nos. 
4,683,195 and 4.683,202 Sequence polymerization by polymerase chain reaction is described by Saiki, et al., (1986) 

5 Science , 230 1350-1354 A method of making an oligonucleotide is described in European Patent Application No 
0194545 A2. Belgian Patent Application No. BE 904402 discloses a mold for making DNA detection probes. Gene 
amplification in eukaryotic cells is disclosed in U.S. Patent No. 4,656,134. 

Lanqer, etal.. Proc. Natl. Acad. Sci. USA , (1981)78: 6633-6637 discloses the enzymatic synthesis of biotin labelled 
polynucleotides and the use of these materials as novel nucleic acid affinity probes. The detection of viral genomes in 

w cultured cells and paraffin imbedded tissue sections using biotin labelled hybridization probes is discussed by Brigati, 
et a]., Virology , (1 983) 126: 32-50. U.S. Patent No 4,486,539 discloses the detection of microbial nucleic acids by a 
one step sandwich hybridization test. Sensitive tests for malignancies based on DNA detection is described in U.S. 
Patent No. 4,490.472. U.S. Patent No. 4,480,040 discloses the sensitive and rapid diagnosis of plant viroid diseases 
and viruses employing radioactively labelled DNA that is complementary to the viroid or to the nucleic acid of the virus 

is being diagnosed European Patent Application 83106112.2 (EP-A-97373) (Priority U.S. Patent Application 391,440 
filed June 23 ; 1982) teaches modified labelled nucleotides and polynucleotides and methods of preparing, utilizing, 
and detecting the same. Methods and compositions for the detection and determination of cellular DNA are disclosed 
in U.S. Patent No 4,423,153 Specific DNA probes in diagnostic microbiology are discussed in U S Patent No. 
4,358,535. A method for detection of polymorphic restriction sites and nucleic acid sequences is discussed in European 

20 Patent Application No. 0164054 A1. U.S. Patent No. 4,663,283 describes a method of altering double-stranded DNA. 

Genomic amplification with transcript sequencing is discussed by Stoflet, et al , Science (1 98) 239:491 . Primer- 
directed enzymatic amplification of DNA with a thermostable DNA polymerase is described by Saiki, et al. , Science 
(1988) 239:487. U.S. Patent No. 4,724,202 discloses the use of non-hybridizable nucleic acids for the detection of 
nucleic acid hybridization. Bugawan, et al.. describe the use of non-radioactive oligonucleotide probes to analyze en- 

2S zymatically amplified DNA for prenatal diagnosis and forensic HLA typing. 

Detection and isolation of homologous, repeated and amplified nucleic acid sequences is disclosed in U.S. Patent 
No 4,675,283. U.S. Patent Nos. 4,683, 1 95 and 4,683,202 disclose a homogeneous polynucleotide displacement assay 
with digestion of the displaced RNA single strand polynucleotide from the reagent complex and amplifying nucleic acid 
sequences with treatment of separate complementary strands of the nucleic acid with two oligonucleotide primers. 

30 European Patent Application No. 0200362 describes a process for amplifying, detecting or cloning nucleic acid se- 
quences and useful in disease diagnosis and in preparation of transformation vectors A method for simple analysis 
of relative nucleic acid levels in multiple small samples by cytoplasmic dot hybridization is described in U.S. Patent 
No. 4,677,054. A hybridization method of detecting nucleic acid sequences with a probe containing a thionucleotide 
is described in U S Patent No 4,647,529 

35 A simple and efficient enzymatic method for covalent attachment of DNA to cellulose and its application for hy- 

bridization-restriction analysis and for in vitro synthesis of DNA probes is described in Nucleic Acids Research (1986) 
J_4: 91 71 -9191 Cleavage of single stranded oligonucleotides by Eco Rl restriction endonuclease is described in Nucleic 
Acid Research (1987) 15: 709-716. 

Exponential Amplification of Recombmant-RNA Hybridization Probes is described by Lizardt, et al_ (1986) Bio/ 

■to Technology 6: 1 1 97-1 202 Fahrlander, et aL , discusses Amplifying DNA Probe Signals A Christmas Tree Approach in 
Bio/Technology (1988) 6:1165-1168 

A nucleic acid hybridization assay employing probes cross-lmkabie to target sequences is described in U S Patent 
No 4 599,303 The method involves the preparation of a specific single stranded ribonucleic acid or deoxyribonucleic 
acid molecule into which a bifunctional cross-linking molecule has been covalently incorporated The incorporation is 

45 such that the cross-linking molecule retains the capacity to undergo a second reaction with the nucleic acid of the 
bacterial, viral, or mammalian chromosome, which is the target for the probe such as to form a covalent cross link 
Following cross-linking, the uncrossed link probe is separated from covalently cross-linked probe-target complex using 
one of several procedures which differentiate between stngle stranded probe and double stranded covalently linked 
probe-target complex 

so A hybridization method and probe for dntertinq nufioir Rrid «=^niionrrc; ic Hr--- - 1 - • • • k 
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!'H) target secuonce (the diaqnostc p r cLe': and wi:h a probe complementary to a nuc'eoPde sequence contiguous with 
t^e diagnostic podion (the contiguous probe) under conditions whore n the diaq^ost c recce r ema ns bound substa^- 
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then covalently attached to yield a target probe that ts complementary to the target sequence and the probes which 
are not attached are removed. In a preferred mode, one of the probes is labeled so that the presence or absence of 
the target sequence can then be tested by melting the sample nucleic acid target probe duplex, eluting the dissociated 
target probe, and testing for the label. 

5 The above method suffers at least one disadvantage in that contiguous sequences are required To carry out the 

method, one must identify the diagnostic sequence and the contiguous sequence and create diagnostic and contiguous 
probes complementary to the above sequences. If the diagnostic and contiguous sequences are not identified precisely, 
then the diagnostic and contiguous probes may not hybridize sufficiently and the assay specificity and sensitivity can 
be lost or substantially decreased. 

10 A DNAamplification and subtraction technique is described in W089/1 2695 The method involves isolating genomic 

or RNA-derived duplex fragments which are unique to one of two fragment mixtures. The fragments in positive-source 
and negative-source mixtures are separately equipped with end linkers, and each mixture is amplified by successive 
pnmed-strand replications, using a single primer which is homologous to the associated linker. The second source 
linker is biotmylated, and the fragments in this mixture are hybridized in molar excess with the fragments in the positive 

15 source mixture. DNA species which are not hybridized with the biotmylated species, i.e., species that are unique to 
the positive source mixture, are isolated after removal of hybridized species by affinity chromatography Also disclosed 
is a method of amplifying a mixture of DNA fragments by repeated linker/primer replication 

U S Patent Applications Serial Nos. 07/299,282 and 07/399,795, filed January 19, 1989. and August 29, 1989, 
respectively, see also EP379369, describe nucleic acid amplification using a single polynucleotide primer U.S. Patent 

20 Applications Serial No. 07/555.323 filed July 19, 1990, see also EP469755, discloses methods for producing a poly- 
nucleotide for use in single primer amplification. The disclosures of these applications are incorporated herein by ref- 
erence. 

DNA and RNA sequence determination based on p hospho roth i oat e chemistry is described by G. Gish, et al,, in 
Science (1988) 240:1520-1522. A hybridization method of detecting nucleic acid sequences with a probe containing 

25 a thionucleotide is described in U S Patent No 4,647,529. PCR-based site-directed mutagenesis using primers with 
mismatched 3'-ends is discussed by M. NassaL etaL, in Nucleic Acids Research (1990) 18(10) :3077-3078 G Sarkar, 
et al , disclose the characterization of polymerase chain reaction amplification of specific alleles in Analytical Biochem- 
istry (1990)286:64-68. Allele-specific enzymatic amplification of B-globin genomic DNA for diagnosis of sickle cell 
anemia is described by D. Wu, et al., in Proc. Natl. Acad. Sci. USA (1 989) 86:2757-2760. Modification of enzymatically 

30 amplified DNA for the detection of point mutations is disclosed by A Haliassos, et al., in Nucleic Acids Research (1 989) 
V7 3606. S. Kwok et al., describe the effects of primer-template mismatches on the polymerase chain reaction: human 

immunodeficiency virus type 1 model studies in Nucleic Acids Research (1 990) 999-1 005 The technical aspects 

of typing for H LA-DP alleles using allele-specific DNA in vitro amplification and sequence-specific oligonucleotide 
probes and the detection of single base mismatches is discussed by L. Fuqger, et al., J. al ., Immunol. Methods (1 990) 

35 j_29 175-185 J. Ott, et describe the protection of oligonucleotide primers against degradation by DNA polymerase I in 
Biochemistry (1987) 26:8237-8241. The duplex stability of phosphorothioate, methylphosphonate, and RNA analogs 
of two DNA 14-mers is disclosed by Kibler-Herzog, et al., Nucleic Acids Research (1 991 ) 1 9(No.1 1 ) :2979-2981 . The 
effect of phosphorothioate homo-oligodeoxynucleotides on herpes simplex virus type 2-mduced DNA polymerase is 
discussed by Gao, et al., J Biol Chem (1989) 262 (No 1 9) 11 521 -1 1 526. who observed inhibition of HSV-2 induced 

io DNA polynerase and some human DNA polymerases by sulfur-containing oligonucleotides Griep. et al , Biochemistry 
(1990) 29:9006-9014 disclose the reduction of the potent DNA polymerase lit holoenzyme 3' to 5' exonuclease activity 
by template-primer analogues. 

The use of tetraethylthiuram disulfide (TETD) as a reagent for phosphorothioate oligonucleotide synthesis via 
phosphoramidite chemistry is discussed in several promotional publications by Applied Biosystems, namely, 1) Re* 

is search News, "DNA Synthesis Tetraethylthiuram Disulfide: A New Reagent for Antisense Phosphorothioate DNA," 2) 
User Bulletin Number 58, February 1 99 1 , Model 380A 380B, 381 A. 391 . 392. 394 DNA Synthesizers and 3) promotional 
note for TETD/Acetonitrile, Part No. 401147 "TETD Antisense Phosphorothioate Synthesis Made Easy " 

A process for amplifying delecting and/or cloning nucleic acid sequences is disclosed in U S Patent Nos 
4.683.195. 4.683.202, 4.800.159. 4.965.138 and 5.008,182 Sequence polymerization by polymerase chain reaction 

>o is described by Saiki et al (1 9P6) Science 230 1350-^.t Pr|n ^ h .. • • • 



S 1. 1 K* M A ; ^ v 0 : ' HE 'NVLNPON 



4 



EP 0 549 1 07 B1 



stranded target polynucleotide sequence a single stranded polynucleotide sequence, which is free of unmodified ex- 
tender probe, having a sequence identical to the target polynucleotide sequence attached at its 3'-end to a polynucle- 
otide sequence complementary to a polynucleotide sequence at the 5'-end of the single stranded target polynucleotide 
sequence. The method comprises: (a) hybridizing to the 3' -end of the single stranded target polynucleotide sequence 

5 the 3'-end of the extender probe wherein the extender probe contains a sequence substantially identical to a sequence 
S2 at the 5'-end of the target polynucleotide sequence, (b) extending the extender probe along the single stranded 
target polynucleotide sequence, and (c) modifying the 3' -end of the extender probe not hybridized to the single stranded 
target polynucleotide sequence, (d) hybridizing a primer to the 3'-end of the extended extender probe, the primer having 
sequence S2 at its 3' -end and (e) extending the primer along the extended extender probe. 

10 The invention disclosed herein includes methods and reagents for extending an extender probe to form a single 

stranded polydeoxynucleotide having two segments that are non-contiguous and complementary with each other 
wherein extender probe not involved in such extension is modified at its 3'-end The method finds particular application, 
for example, in single primer amplification assays. 

In one embodiment of the invention an extender probe is extended to produce a single stranded polydeoxynucle- 

15 otide having two segments that are non-contiguous and complementary with each other. The method of production 
comprises the steps of (1) providing in combination (a) a polynucleotide havmqtwo non-contiguous, nnn-complemerv 
tary nucleotide sequences, S1 and S2, wherein S2 is 5' of S1 and is at least ten nucleotides long, (b) an extender 
probe comprised of two deoxynucleotide sequences, wherein the sequence at the 3* end of the extender probe (EP1) 
is hybridizable with S1 and the other of the deoxynucleotide sequences (EP2) is substantially identical to S2 and (c) 

20 means for modifying the 3'-end of the extender probe that does not hybridize with the polynucleotide and (d) extending 
the extender probe along the polynucleotide wherein extender probe not hybridized to the polynucleotide becomes 
modified at its 3' -end. 

In the above embodiment of the present invention a polydeoxynucleotide primer capable of hybridizing at least at 
its 3'-end with a nucleotide sequence complementary to S2. DNA polymerase, and deoxynucleoside triphosphates are 

25 provided in the combination under conditions where (a) the extender probe is extended along the polynucleotide to 
form a duplex, (b) the 3'-end of the extender probe not hybridized with the polynucleotide is modified, (c) the extended 
extender probe is dissociated from the duplex, (d) the polydeoxynucleotide primer hybridizes with and is extended 
along the extended extender probe to form a second duplex comprising extended primer, (e) the extended primer is 
dissociated from the second duplex, and (f) the primer hybridizes with and is extended along the extended primer to 

30 form a duplex comprising extended primer, and steps (e) and (f) are repeated. 

Another embodiment of the invention is a method for forming a single stranded polynucleotide sequence comple- 
mentary to a single stranded target polynucleotide sequence. The method comprises: (a) combining in a medium the 
single stranded target polynucleotide sequence, a DNA polymerase with 3' exonuclease activity and an extender probe 
comprised of a sequence complementary to a sequence at the 3'-end of the single stranded target polynucleotide 

35 sequence wherein the complementary extender probe sequence contains at least one thiophosphate and does not 
terminate at the 3' terminus of the extender probe, and (b) treating the medium to cause hybridization of the extender 
probe to the single stranded target polynucleotide sequence, extension of the extender probe along the single stranded 
target polynucleotide sequence, and degradation of the 3* terminus of the extender probe 

In another embodiment the presence of a target polynucleotide sequence in a medium suspected of containing 

40 the target polynucleotide sequence is detected The target polynucleotide sequence has two noncontiguous, non- 
hybridizable nucleotide sequences. S1 and S2. wherein S2 is 5' of S1 and at least 10 nucleotides long The method 
comprises the steps of 

(a) providing in combination, either concomitantly or wholly or partially sequentially. (1 ) the medium. (2) an extender 
^5 probe having two deoxynucleotide sequences wherein the sequence at the 3'-end of the extender probe (EP1 ) is 

hybridizable with S1 and the other of the deoxynucleotide sequences (EP2) is substantially identical to S2, (3) 
means for modifying the 3'-end of the extender probe not hybridized with the target polynucleotide sequence. (4) 
a polydeoxynucleotide primer capable of hybridizing with a nucleotide sequence complementary to S2 with the 
proviso that the primer may be generated in situ, (5) DNA polymerase and (6) deoxynucleoside triphosphates 
so under conditions wherein (A) extender probo hybridizes w!h and is oxlmd^d :.v-i ^vr^n^ rr- ... - - ,- ■ 
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a sample suspected of containing the polynucleotide analyte The method comprises the steps of 

(a) treating a medium containing the sample to form a single stranded target polynucleotide sequence from the 
polynucleotide analyte, if present, the target polynucleotide sequence having two non-contiguous, non-comple- 

5 mentary nucleotide sequences, S1 and S2, wherein S2 is 5' of S1 , and is at least ten nucleotides long ; 

(b) combining the medium with (1) an extender probe having two polydeoxynucleotide sequences wherein the 
sequence at the 3'-end of the extender probe (EP1 ) is hybridizable with S1 and the other of the deoxynucleotide 
sequence (EP2) is substantially identical to S2, (2) a nucleotide sequence (NS) having a portion capable of hy- 
bridizing with EP1 wherein NS may be a separate molecule or part of the extender probe, (3) a polydeoxynucleotide 

io primer capable of hybridizing with a nucleotide sequence complementary to S2 when means for degrading said 

extender probe to form said polydeoxynucleotide primer is not present, (4) deoxynucleoside triphosphates, and 
(5) DNA template dependent polydeoxynucleotide polymerase under conditions wherein (A) extender probe is 
hybridized with and is extended along (extended extender probe) the target polynucleotide sequence to form a 
duplex, (B) extender probe not hybridized to the target polynucleotide sequence is extended along NS, (C) the 

15 extended extender probe is dissociated from the duplex, (D) the primer hybridizes with and is extended along the 

extended extender probe to form a duple* comprising extended primer, (E) the extended priinui is dissociated 
from the duplex, and (F) the primer hybridizes with and is extended along the extended primer to form a duplex 
comprising extended primer, and steps (E) and (F) are repeated, wherein steps (a) and (b) are perlormed con- 
comitantly or wholly or partially sequentially: and 

20 (c) examining for the presence of the extended primer. 

Another embodiment of the invention concerns a method for detecting the presence of a polynucleotide analyte 
in a sample suspected of containing the polynucleotide analyte. The method comprises the steps of: 

25 (a) treating a medium containing the sample to form a single stranded target polynucleotide sequence from the 

polynucleotide analyte, if present, the target polynucleotide sequence having two non-contiguous, non-comple- 
mentary nucleotide sequences S1 and S2 wherein S2 is 5' of S1, and is at least ten nucleotides long, 

(b) combining the medium with (1) an extender probe having two deoxynucleotide sequences wherein the se- 
quence at the 3'-end of the extender probe (EP1) is hybridizable with S1 and the other of the deoxynucleotide 

30 sequences (EP2) is substantially identical to S2 and not complementary to the target polynucleotide sequence, 

(2) an enzyme capable of degrading single stranded polynucleotides, (3) a polydeoxynucleotide primer capable 
of hybridizing with a nucleotide sequence complementary to S2 when means for degrading said extender probe 
to form said polynucleotide primer is not present, (4) deoxynucleoside triphosphates, and (5) DNA template de- 
pendent polydeoxynucleotide polymerase under conditions wherein (A) the extender probe is hybridized with and 

35 is extended along the target polynucleotide sequence to form a duplex, (B) extender probe not hybridized to the 

target polynucleotide sequence is degraded, (C) the extended extender probe is dissociated from the duplex, (D) 
the primer hybridizes with and is extended along the extended extender probe, (E) the extended primer is disso- 
ciated from the duplex, and (F) the primer hybridizes with and is extended along the extended primer to form a 
duplex comprising extended primer and steps (E) and (F) are repeated, wherein steps (a) and (b) are performed 

jo concomitantly or wholly or partially sequentially, and 

(c) examining for the presence of the extended primer 

The invention further includes kits comprising in packaged combination (a) a polydeoxynucleotide extender probe 
having at its 3'-end a sequence (EP1 ) hybridizable with a first sequence in a target polynucleotide sequence and having 
J5 a sequence (EP2) that is substantially identical to a second sequence of the target polynucleotide sequence, wnerem 
in the target polynucleotide sequence the second sequence is 5' of and non-contiguous with, the first sequence (b) 
means for modifying the 3'-end of extender probe not hybridized with the target polynucleotide sequence and (c) a 
polydeoxynucleotide primer capable of hybridizing with a sequence that is complementary with the second sequence 



[he crcse"t method a lews extension c' an exlonce* ccbe alc^g srglo strandcJ tssi tnrqcl uolynjc.eot do so- 
qucco to p'oduce a si^alo st r a-dcd oc'v^udec'ido ^avma t^o r^ivib l,f v ^ r : ^ ,r,,r H'^? ! ^" ;' --'v r *^ ra -.-j 
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modified The single stranded polynucleotide produced in this manner can have an mtramolecularly base-paired struc- 
ture, i.e.. two segments that are non-contiguous and complementary with each other, sometimes referred to as an 
inverted repeat The method has particular application in the area of single primer amplification described above, in 
which a target polynucleotide sequence in a sample is amplified when such target polynucleotide sequence has an 
inverted repeat or can be converted to such a structure The present method provides a highly convenient method for 
converting a polynucleotide sequence of interest to a target polynucleotide sequence having an intramolecularly base- 
paired structure while minimizing the number of reagents and steps required. 

In its broadest aspect the present invention provides for production of a single stranded polynucleotide sequence 
having an inverted repeat that is formed from an extender probe, wherein all the extender probe not hybridized to a 
target polynucleotide sequence is modified at its 3'-end and is accordingly not present in unmodified form in the medium 
containing the newly formed single stranded polynucleotide. A target polynucleotide sequence is combined in a medium 
with an extender probe comprising (1 ) a sequence at the 3'-end of the extender probe that is complementary to a first 
sequence at the 3'-end of a target polynucleotide sequence within the target polynucleotide sequence and (2) a second 
sequence of the extender probe that is substantially identical to a second sequence of the target polynucleotide se- 
quence, wherein each of said second sequences is 5' of each of said first sequences The medium is treated to cause 
hybridization of the extender probe to the target polynucleotide sequence, along which the extender probA is extended, 
and to cause uoyiadation of tne 3'-end of the extender probe not hybridized to the target polynucleotide sequence 

Before proceeding further with a description of the specific embodiments of the present invention, a number of 
terms will be defined. 

Polynucleotide analyte-a compound or composition to be measured that is a polymeric nucleotide, which in the 
intact natural state can have about 20 to 500 ; 000 or more nucleotides and in an isolated state can have about 30 to 
50,000 or more nucleotides, usually about 100 to 20,000 nucleotides, more frequently 500 to 10,000 nucleotides. It is 
thus obvious that isolation of the anatyte from the natural state often results in fragmentation. The polynucleotide 
analytes include nucleic acids from any source in purified or unpurified form including DNA (dsDNA and ssDNA) and 
RNA, including t-RNA, m-RNA, r-RNA, mitochondrial DNA and RNA, chloroplast DNA and RNA, DNA-RNA hybrids, 
or mixtures thereof, genes, chromosomes, plasmids, the genomes of biological material such as microorganisms, e 
g , bacteria, yeasts, viruses, vtroids, molds, fungi, plants, animals, humans, and fragments thereof, and the like. The 
polynucleotide analyte can be only a minor fraction of a complex mixture such as a biological sample. The analyte can 
be obtained from various biological material by procedures well known in the art. Some examples of such biological 
material by way of illustration and not limitation are disclosed in Table I below 



Table I 


Microorganisms of interest include: 


Corynebacteria 






Corynebacterium diphtheria 






Pneumococci 






Diplococcus pneumoniae 






Streptococci 






Streptococcus pyrogenes 






Streptococcus salivarus 






Staphylococci 






Staphylococcus aureus 






Staphylococcus albus 






Neisseria 






Neisseria meningitidis 






Neisseria gonorrhea 






Entcrobactenaciac 






Escherichia coli 
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Tabic I (continued) 



Microorganisms of interest include 


Shigella schmitzn 






Shigella arabinotarda 










The Shigellae 


Shigella flexneri 






^hinpllfl houHii 

O 1 1 IUC 1 Id U\Jy\Jl\ 






Shiaella sonnei 






Othpr pntprip haritli 






PrntPiic viilnarm 
nuicus vuiyciiio 






P rnt p 1 1 q m i r3 h i 1 i c. 




Proteus species 


r lUlOUb iflUlyriill 






n bcUUUl 1 1UI lab del uy II lUaa 






A Ipa 1 inpn pc fflppslic 






Vibrio fj\ luierae 






lj omrvnh i h ic-Rr^rHptplla nrnim 
M8rnt>priiiub Duiuoitsiia ljiuu^j 




Rhizopus oryzae 


WomrknhihiQ infhipn7P. H riurrvi 

ntJI 1 IL>pi IIIUO II II 1 Ut>l IZ.C1, 1 1. VJUUI y 1 




Rhizopus arrhizua Phycomycetes 


1— lomr^nhili ic homnnh ill IQ. 

PltJiIlupi IIIUO I 1 t?l 1 1 MUO 




Rhizopus nigricans 


Hemophilus aegypticus 




Sporotrichum schenkii 


Hemophilus parainfluenza 




Flonsecaea pedrosoi 


Rnrrifitftlta nprtu^is 




Fonsecacea compact 


Pactoi irptla.P 
r^dblcLUfcflldc 




Fonsecacea dermatidis 


PactPiirplla riPQtic 




Cladosporium carrionii 


Paotpurplla tulareusis 




Phialophora verrucosa 


Rn mollap 
Dl UL-olldc 




Aspergillus nidulans 


Rrimplla mplitpnciQ 

DlUUtJIld 1 1 Icll ICI lolo 




Madurelia mycetomi 


Ul UUUIIa dUVJIlUO 




Madurella qrisea 


Rrii^plla qiiiq 




Allescheria boydii 


Apmhir ^nnrp-forminn Rsrilli 

r\ t; I \_/U 11^ OJJkJI C 1 1 1 I ll I ^-J uq^iiii 




Phialophora jeanselmei 


DdCltlUb arUlUaCIo 




Microsporum gypseum 


Bacillus subtilis 




Trichophyton mentagrophytes 


DctL 1 1 i uo 1 1 icy die 1 i u 1 1 1 




Keratinomyces ajelloi 


Rarilhic rprpiic 

LJdOIIIUD UCICUO 




Microsporum canis 


Anaerobic Spore-forminc] Bacilli 




Trichophyton rubrum 


Clostridium botulmum 




Microsporum adouini 


Clostridium tetani 




Viruses 


Clostridium perfringens 




Adenoviruses 


Clostridium novyi 




Herpes Viruses 


Clostridium septicum 




Herpes simplex 


Clostridium histolyticum 




Varicella (Chicken pox) 


Clostridium tertium 




Herpes Zoster (Shingles) 


Clostridium bifermetans 




Virus B 


Clostridium sporogenes 




Cytomegalovirus 


Mycobacteria 






Vy,-.o:^r'n'.i/-- rr.MO 




f H ! H'.'HC C Ifl H 


Mycobacterium pd^tuoercLics s 




MdI'uscu 1 ^ contagiosa 
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Tabic I (continued) 





Microorganisms of interest include: 




r\ULIl IUI [ lyUCO loacii 




Poliovirus 


5 






Coxsackievirus 




MC 111 1LMI I y LiCo 1 IdcSIUI lull 




Echoviruses 




INOCalula dblfcjFUIUfcJb 




Rhinoviruses 




i n a i \j i a uiaoiiioi iwi« 




Myxoviruses 




The Spirochetes 




lnfluenza(A, B, and C) 


10 


TronrinomQ nalli/Hiim 
1 i c[J(Ji lei na pdiiiuuni 


Spirillum minus 


Parainfluenza (1-4) 




Trpnnnpma nprtpnuft 


Streptobacillus 


Mumps Virus 






monoiliformis 


Newcastle Disease Virus 




Treponema carateum 




Measles Virus 


15 


Borrelia recurrentis 




Rinderpest Virus 


1 oritr^cnira ir'tprrihpmrirrhsniap 




Canine Distemper Virus 




Leptospira camcoiS 




Respiratory Syncytial Virus 




1 rYPdndbUii lfcib 




Rubella Virus 




Mycoplasmas 




Arboviruses 


20 


Mycoplasma pneurnoriidu 








LJiner painocjens 




Eastern Equine Eucephalitis 




Virus 








Lisiyrid rriutujoy njytn itJo 




Western Equine Eucephalitis 


25 


Virus 




Sindbis Virus 




t rySipCIULl H Ia 1 1 1 UblUfJdll Mat; 






Qtrontrihar il 1 1 1 c mnn 1 1 if rm i 
Oil cUlUUdCII lUo II \\J\ 1 1 1 1 \\Ji r M lO 




Chikuqunya Virus 




Donvania granulomatis 




^pmliki Forest Virus 

OCI 1 HlrM 1 Ul Dwl » M uo 




Bartonella bacilliformis 




Mavora Virus 

iviuy ui u v ii wo 


30 


rUCKUllblde ^UdoitMia ur\t; paiaoiico; 




St Louis Encephalitis Virus 




Rickettsia prowazekii 




California Encephalitis Virus 




rilCKollbld iiH-KJbcil 




Colorado Tick Fever Virus 




RirkPllQis rirkptt^ii 




Yellow Fever Virus 


35 


Rickettsia conori 








Rickettsia australis 








Rickettsia sibiricus 




Reovirus Types 1-3 








Rotrnv/iri icoc 




Hickettsia akari (Mi vj 




Human Immunodeficiency Viruses 


40 


Rickettsia tsutsugamushi 




Human T-cell Lymphotrophic Virus I & II (HTLV) 




Rickettsia burnetti 




Hepatitis 




Rickettsia qumtana 




Hepatitis A Virus 




Chlamydia (unclassifiable parasites bacterial/ 




Hepatitis B Virus 


45 


viral) 










Hepatitis nonA-nonB Virus 




Chlamydia agents (naming uncertain) 




Tumor Viruses 




Funqi 




Rauschcr Leukemia Virus 




Cryptococcus neoformans 




Gross Virus 


50 


Blastomyces dermatidis 




Malonov I euknmia V'r\"= 
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The polynucleotide analyte. where appropriate, may be treated to cleave the analyte to obtain a fragment that 
contains a target polynucleotide sequence, tor example, by shearing or by treatment with a restriction endonuclease 
or other site specific chemical cleavage method. However, it is an advantage of the present invention that the polynu- 
cleotide analyte can be used in its isolated state without further cleavage 

5 For purposes of this invention, the polynucleotide analyte, or a cleaved fragment obtained from the polynucleotide 

analyte, will usually be at least partially denatured or single stranded or treated to render it denatured or single stranded 
Such treatments are well-known in the art and include, for instance, heat or alkali treatment. For example, double 
stranded DNA can be heated at 90-100° C. for a period of about 1 to 10 minutes to produce denatured material. 
Target polynucleotide sequence - a sequence of nucleotides to be identified, usually existing within a polynucle- 

io otide analyte, the identity of which is known to an extent sufficient to allow preparation of an extender probe polyde- 
oxynucleotide that will hybridize with at least a portion of such target sequence, usually at least a ten nucleotide segment 
at the 3'-end thereof and preferably at least 15. frequently 20 to 50 nucleotide segment thereof and that comprises at 
least a ten nucleotide segment substantially identical to the 5'-end thereof. The target polynucleotide sequence has 
two non-contiguous, non-complementary nucleotide sequences, S1 and S2, one of which (S1 ) is the aforesaid portion 

75 capable of hybridizing to an extender probe polydeoxynucleotide wherein S2 is 5' of S1. The target polynucleotide 
sequence usually will contain from about 30 to 5,000 or more nucleotides, preferably 50 to 1 000 nucleotides. The two 
nun-contiguous, non-complementary nucleotide sequences, S1 and S2, preferably contain from 10 to 100 nucleotides 
each and are separated by at least ten bases, preferably at least 100, usually 200 to 10,000. One target polynucleotide 
sequence is frequently a part of the polynucleotide analyte. The target polynucleotide sequence will generally be a 

20 fraction of a larger molecule or it may be substantially the entire molecule The minimum number of nucleotides in the 
target polynucleotide sequence will be selected to assure that the presence of target polynucleotide sequence in a 
sample will be a specific indicator of the presence of polynucleotide analyte in a sample. Very roughly, the sequence 
length will usually be greater than about 1.6 log L nucleotides where L is the number of base pairs in the genome of 
the biologic source of the sample. The maximum number of nucleotides in the target sequence will normally be governed 

25 by the length of the polynucleotide analyte and its tendency to be broken by shearing, or other processes during 
isolation and any procedures required to prepare the sample for assay and the efficiency of detection and/or amplifi- 
cation of the sequence. 

Single stranded polydeoxynucleotide sequence - a sequence of deoxynucleotides that is formed as a result of 
the present invention. It will normally be comprised at least of two segments or flanking sequences that are non- 
30 contiguous and complementary with each other It may also contain one or more sequences which, when bound to 
their complementary sequences, are specific binding sites for receptors such as repressors, restriction enzymes, and 
the like. The first and second segments or flanking sequences are at the 3'-end and 5'-end, respectively, of the single 
stranded polynucleotide sequence and each comprises at least ten, preferably at least 15, deoxynucleotides, and/or 
derivatives thereof 

35 The single stranded polydeoxynucleotide sequence will usually contain from 30 to 1 0 ; 000 deoxynucleotides, pref- 

erably 100 to 2,000 deoxynucleotides, more preferably 500 to 5,000 deoxynucleotides. When the single stranded 
polydeoxynucleotide sequence is hybridized with a complementary strand, each end will have a member of a pair of 
inverted repeats 

Polydeoxynucleotide primer - a polydeoxynucleotide usually a synthetic deoxynucleotide that is single stranded. 

JO containing a sequence at its 3'-end that is identical with the sequence S2 or hybridizable with a nucleotide sequence 
complementary with the sequence S2 of the target polynucleotide sequence Normally the polydeoxynucleotide primer 
will have at least 90% preferably 100% of the same basic sequence as the second nucleotide sequence EP2 of the 
extender probe The number of deoxynucleotides in the hybridizable sequence of polydeoxynucleotide primer should 
be such that stringency conditions used to hybridize the polydeoxynucleotide primer will prevent excessive random 

4$ non-specific hybridization Usually, the number of deoxynucleotides in the polydeoxynucleotide primer will be at least 
as great as in the S2 sequence of the target polynucleotide sequence, namely at least ten deoxynucleotides, preferably 
at least 1 5 deoxynucleotides and generally from about 10 to 200, preferably 20 to 50, deoxynucleotides 

Deoxynucleoside triphosphates -- a deoxynucleoside having a 5'-triphosphate substituent The deoxynucleosides 
are pentose sugar derivatives of nitrogenous bases of either purine or pyrtmidme derivation, covalently bonded to the 

50 1 '-carbon of the pentose sugar The purmo bases mrludo adomnn/A^ -i.^m-n/rp .--c.-^ -j • ■ 



: : ,;], ; : I—-, j y v ■-.! ■ir.aV pf~"~~r'~v r . i ' or T m r,d ' i 0 ^ d o ' V a t V ^ r - o~d 'ho '.\ Tho repc/'pr rpr . 

c -fi bo a f ucescen: group such as f ^oroscei" a --or- J j'^i ^escent ^ r cup sucn as ,urnno' a terbium chelator SLcn 
as N-rydroxyet^y'.- e'.hy crediammetnacetic acd that is cacabiC of detection by delayed Puo'csconco and \ h o 'ko 
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cleotido primer along a DNA template including the single stranded polydeoxynucleotide where the extension is com- 
plementary thereto. The polydeoxynucleotide polymerase is a template dependent polydeoxynucleotide polymerase 
and utilizes the deoxynucleoside triphosphates as building blocks for extending the 3'-end of the polydeoxynucleotide 
primer to provide a sequence complementary with the single stranded polydeoxynucleotide sequence Usually, the 

5 catalysts are enzymes, such DNA polymerases such as, for example, prokaryotic DNA polymerase (I, ll ; or III), T4 
DNA polymerase, T7 DNA polymerase, Klenow fragment, reverse transcriptase, and the like, derived from any source 
such as cells, bacteria, such as E cpji, plants, animals, virus, thermophilic bacteria, and so forth Where the polynu- 
cleotide or target polynucleotide sequence is RNA, reverse transcriptase would be included to facilitate extension of 
the extender probe along the polynucleotide or target polynucleotide sequence 

10 Wholly or partially sequentially - when the sample and various agents utilized in the present invention are combined 

other than concomitantly (simultaneously), one or more may be combined with one or more of the remaining agents 
to form a subcombination. Each subcombination can then be subjected to one or more steps of the present method 
Thus, each of the subcombinations can be incubated under conditions to achieve one or more of the desired results. 
Hybridization (hybridizing) and bindmg-in the context of nucleotide sequences these terms are used interchange- 
's ably herein. The ability of two nucleotide sequences to hybridize with each other is based on the degree of comple- 
mentarity of the two nucleotide sequences, which in turn is based on the fraction of matched complementary nucleotide 
pairs The more nucleotides in a given sequence that are complementary to another sequence, the more stringent the 
conditions can be for hybridization and the more specific will be the binding of the two sequences Increased stringency 
is achieved by elevating the temperature, increasing the ratio of cosolvents, lowering the salt concentration, and the like. 

20 Homologous or substantially identical— In general, two polynucleotide sequences that are identical or can each 

hybridize to the same polynucleotide sequence are homologous. The two sequences are homologous or substantially 
identical where the sequences each have at least 90%, preferably 100%, of the same or analogous base sequence 
where thymine (T) and uracil (U) are considered the same. Thus, the ribonucleotides A, U, C and G are taken as 
analogous to the deoxynucleotides dA, dT, dC, and dG, respectively. Homologous sequences can both be DNA or one 

25 can be DNA and the other RNA. 

Complementary-Two sequences are complementary when the sequence of one can bind to the sequence of the 
other in an anti-parallel sense wherein the 3'-end of each sequence binds to the 5'-end of the other sequence and each 
A, T(U), G, and C of one sequence is then aligned with a T(U), A, C, and G, respectively, of the other sequence. 
Extender probe-is a single polynucleotide strand, usually a synthetic oligonucleotide, comprised of two sequences 

30 of nucleotides, one of such sequences (EP1) located at the 3'-end of the strand, being a deoxy nucleotide sequence 
having preferably at least ten consecutive deoxynucleotides and capable of hybridizing with a first polynucleotide se- 
quence (S1 ) of the target polynucleotide sequence. 

The major criteria for choosing EP1 are: (1 ) The sequence should be reliable, that is, it should be closely or exactly 
complementary with S1 and should be of sufficient length to provide stable and specific binding (2) The 3' -end must 

35 have, or be capable of forming, a free 3'-hydroxyl group The minimum length of EP1 will usually beat least 10, normally 
at least 15, preferably 20-50, deoxynucleotides. In general, EP1 will be about 20 to 100 deoxynucleotides The com- 
bined length of the first and second polynucleotide sequences of the extender probe is at least about 20 nucleotides, 
preferably about 40 to 200 nucleotides, in length. 

The second polynucleotide sequence of the extender probe (EP2) is a sequence of nucleotides substantially iden- 

io tical or homologous to the second polynucleotide sequence (S2) of a target polynucleotide sequence EP2 is at least 
10 nucleotides, usually at least 15. preferably 20-50 deoxynucleotides, in length In general EP2 will be about 20 to 
100 deoxynucleotides 

The extender probe may contain additional receptor binding or spacer sequences or other sequences located 
between EP1 and EP2 or at the end of EP2 
•ts Non-contiguous--sequences are non-contiguous, there being at least one usually at least 10 nucleotides present 

in the target polynucleotide sequence between the two segments or between two sequences. S1 and S2. of a polynu- 
cleotide. 

Contiguous-sequences are considered to be contiguous when there are no nucleotides between two segments 
or between two sequences of a polynucleotide 
50 Copy -- means a sequence that is a direct identical or homolmoi.^ rrpy < . - ■ ■ 
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probe In this way the extender probe ts extended along the polynucleotide to form a duplex When extension occurs 
along the target polynucleotide sequence, the duplex is comprised of the extended extender probe Extension in this 
fashion provides the requisite fidelity between the two strands so that subsequent amplification of the extended extender 
probe provides accurate detection of the target of interest 

5 Means for extending a pnmer-a polydeoxynucleotide primer having an extendable 3'-terminus can be extended 

by combining the primer hybridized to extended extender probe or extended primer with a polydeoxynucleotide polymer- 
ase and deoxynucleoside triphosphates under conditions for extending the primer. In this way the primer is extended 
along the extended extender probe or extended primer to form a duplex comprising the extended primer. Extension in 
this fashion provides the requisite fidelity between the extended primer and the polynucleotide so that accurate detec- 

10 tion of target analytes can be achieved 

Means for modifying the 3'-end of the extender probe-for single primer amplification as described above comple- 
mentary base sequences in a single polynucleotide strand capable of forming a stem loop structure or inverted repeat 
are utilized. Such polynucleotide is either present in a sample or is created in response to the presence of a polynu- 
cleotide analyte An extender probe is utilized to create such a polynucleotide by virtue of binding to a target polynu- 

is cleotide, along which the extender probe is extended. Since the concentration of polynucleotide analyte is generally 
low and unknown, there are molecules of extender probe that do not hybridize with the target polynucleotide sequence 
These molecules of extender probe am undesiraoie because they might result in competing processes, which reduce 
the efficiency of single primer amplification By employing appropriate means the 3'-end of extender probe not bound 
to a target polynucleotide sequence can be modified such that it can no longer be extended along the target polynu- 

20 cleotide sequence in the presence of deoxynucleoside triphosphates and DNA polymerase. 

One way in which the 3'-end of the extender probe can be modified is by degradation. For example, an enzyme 
such as an 3'-exonuclease can be added to the reaction medium. Under certain conditions such an enzyme degrades 
the 3'-end of single stranded polynucleotides. Examples of such exonuclease enzymes, by way of illustration and not 
limitation, are Klenow fragment, T4 polymerase, and T7 polymerase. In one approach, the polydeoxynucleotide 

2$ polymerase, such as DNA polymerase, utilized for the extension of the extender probe has exonuclease activity. Ex- 
emplary of such DNA polymerases are Klenow, T4 and T7 DNA polymerases. 

In another embodiment the 3'-end of the extender probe is extended along a scavenger polynucleotide that has a 
sequence NS at other than its 5'-end : said sequence being hybridizable with the 3' -end of the extender probe. When 
the 3'-terminus of the extender probe and the scavenger polynucleotide sequence are hybridized, the 3' -end of the 

30 extender probe can be extended along the scavenger polynucleotide sequence in the presence of polydeoxynucleotide 
polymerase and deoxynucleoside triphosphates. This process results in modification of the 3' -end of the extender 
probe, thereby rendering the extender probe incapable of extension along the target polynucleotide sequence or its 
complement during single primer amplification. The scavenger polynucleotide sequence is, generally, 8 to 1,000 or 
more nucleotides, preferably 10 to 50 nucleotides, in length and may be part of the extender probe or a molecule 

35 separate from the extender probe When the scavenger polynucleotide sequence is part of the extender probe, it may 
be 3' or 5' of the sequence EP2 of the extender probe. Enzymes that can be utilized in this chain extension are com- 
mercially available thermophilic nucleotide polymerases such as, by way of example and not limitation. Taq, Vent, Hot 
Tub and the like. 

Member of a specific binding pair ("sbp members-one of two different molecules, having an area on the surface 
40 or in a cavity which specifically binds to and ts thereby defined as complementary with a particular spatial and polar 
organization of the other molecule. The members of the specific binding pair are referred to as ligand and receptor 
fantiligand) These may be members of an immunological pair such as antigen-antibody, or may be operator-repressor. 
nuclease-nucleotide, biotin-avidm hormones-hormone receptors nucleic acid duplexes, IgG-protein A, DNA-DNA, 
DNA-RNA, and the like. 
45 Ligand-any compound for which a receptor naturally exists or can be prepared. 

Receptor ("antiligand")-any compound or composition capable of recognizing a particular spatial and polar organ- 
ization of a molecule, e.g.. epitopic or determinant site Illustrative receptors include naturally occurring receptors, e 
g , thyroxine binding globulin, antibodies, en/ymes. Fab fragments, lectins, nucleic acids, repressors, protection en- 
zymes protein A. complement component C1q. DNA binding proteins or hgands and the like 
so Small organic molecule-a compound of molecular weight less than 1 500 prnfn^h'y ^ *~ J ■ - 



-..■jy-uj- ■; --^y ais paMicu'a-y celUosu: ma:cnas and ma;c. r Js dcr.ved from coll^ose such as 'iccr contairv-q 
pacers oq f t e r papc r chromatographic pape f etc syMhclo or modified natural y occurrnq polymers 5.0:" as 
m'/ooo lJcso co'I j 000 are'. \'o p'~ ¥ < \ •-■\ : 1 ■■■ ■ ; , ■■■ ■ 
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ycthy!ene ; polypropylene, poly(4-methylbutene) polystyrene, polymethacrylate, poly{ethylene terephthalate), nylon, 
polyvinyl butyrate), etc.. either used by themselves or in conjunction with other materials, glass available as Bioglass, 
ceramics, metals, and the like. Natural or synthetic assemblies such as liposomes, phospholipid vesicles, and cells 
can also be employed. 

5 Binding of sbp members to the support or surface may be accomplished by well-known techniques, commonly 

available in the literature See, for example, "Immobilized Enzymes/ Ichiro Chibata, Halsted Press, New York (1 978) 
and Cuatrecasas, J Biol. Chem. , 245:3059 (1970) The surface can have any one of a number of shapes, such as 
strip, rod, particle, including bead, and the like. 

Label or reporter group or reporter molecule-a member of the signal producing system. Usually the label or reporter 

io group or molecule is conjugated to or becomes bound to a polynucleotide probe or a polydeoxynucleotide primer and 
is capable of being detected directly or, through a specific binding reaction, and can produce a detectible signal. Labels 
include a polynucleotide primer or specific polynucleotide sequence that can provide a template for amplification or 
ligation or act as a ligand such as for a repressor protein Preferably, the polydeoxynucleotide primer will have, or be 
capable of having, a label In general, any label that is detectable can be used The label can be isotopic or nonisotopic. 

is usually non-isotopic, and can be a catalyst, such as an enzyme, a polynucleotide coding for a catalyst, promoter, dye, 
fluorescent molecule, chemiluminescer, coenzyme, enzyme substrate, radioactive group, a small orqanic molecule, 
amplifiable polynucleotide sequence, a particle such as iaiex or carbon particle, metal sol, crystallite, liposome, cell, 
etc., which may or may not be further labeled with a dye, catalyst or other detectible group, and the like. The label is 
a member of a signal producing system and can generate a detectable signal either alone or together with other mem- 

20 bers of the signal producing system. The label can be bound directly to a nucleotide sequence or can become bound 
thereto by being bound to an sbp member complementary to an sbp member that is bound to a nucleotide sequence. 

Signal Producing System--The signal producing system may have one or more components, at least one compo- 
nent being the label or reporter group. The signal producing system generates a signal that relates to the presence or 
amount of target polynucleotide sequence or a polynucleotide analyte in a sample. The signal producing system in- 

25 eludes all of the reagents required to produce a measurable signal. When the label is not conjugated to a nucleotide 
sequence, the label is normally bound to an sbp member complementary to an sbp member that is bound to or part 
of a nucleotide sequence. Other components of the signal producing system may be included in a developer solution 
and can include substrates, enhancers, activators, chemiluminescent compounds, cofactors. inhibitors, scavengers, 
metal ions, specific binding substances required for binding of signal generating substances, and the like. Other com- 

30 ponents of the signal producing system may be coenzymes, substances that react with enzymic products, other en- 
zymes and catalysts, and the like. The signal producing system provides a signal detectable by external means, by 
use of electromagnetic radiation, desirably by visual examination. The signal-producing system is described more fully 
in EP469755 (U.S. Patent Application Serial No. 07/555,323, filed July 19, 1990). 

Ancillary Materials-Various ancillary materials will frequently be employed in the assay in accordance with the 

35 present invention. For example, buffers will normally be present in the assay medium, as well as stabilizers for the 
assay medium and the assay components. Frequently in addition to these additives, proteins may be included, such 
as albumins, organic solvents such as formamide, quaternary ammonium salts, polycations such as dextran sulfate, 
surfactants, particularly non-ionic surfactants, binding enhancers, e.g., polyalkylene glycols, or the like 

in one aspect of the invention a method is provided for forming a single stranded polynucleotide sequence com- 
plementary to a single stranded target polynucleotide sequence wherein an extender probe is extended along the 
target and extender probe not hybridized to the target polynucleotide sequence is modified at its 3' -end 

One embodiment of the method is depicted schematically in Fig 1 EP1, located at the 3'-end of the extender 
probe, hybridizes with S1 of the target polynucleotide sequence and with a portion of a scavenger polynucleotide 
containing sequence NS EP2 is homologous with S2 The extender probe is extended along A to produce an extended 

•*s extender probe B containing sequence S'2, which is complementary to S2 B now contains EP2 and S'2, which are 
hybridizable with each other Extender probe not hybridized with the target polynucleotide sequence hybridizes with 
NS and is extended along the scavenger polynucleotide to produce a modified extender probe C, wherein EP1 is no 
longer located at a 3'-end Preferably, NS is about 8 to 100, more preferably 8 to 30. nucleotides in length 

Another embodiment of the invention is depicted in Fig 2 In this embodiment the extender probe contains not 

so only EP1 and EP2. but also contains the sequence NS, which is 3' of sequence FP? NS s hnmH-ru- c J 



■■. " _;J ! '!CC extondc probe L wherein LFt '■=> 
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as described above for the embodiment of Fig 2 

In another alternative embodiment of the present invention as depicted in Fig 4. EP1 of the extender probe hy- 
bridizes with S1 of the target polynucleotide sequence. The extender probe is extended along A to produce extended 
extender probe B as described above for the embodiment of Fig 1 Present in the reaction mixture is an exonuclease 

5 having 3' activity, which degrades extender probe not hybridized with A to an extent sufficient to destroy its ability to 
hybridize at its 3'-end with S1 . 

A variation of the embodiment of Fig. 4 is shown in Fig. 5. The extender probe contains not only EP1 and EP2 but 
also contains EP3, which is a sequence capable of hybridizing with EP2 and is preferably complementary with at least 
the 3'-end of EP2. EP1 of the extender probe hybridizes with S1 of the target polynucleotide sequence. Extended 

io extender probe B is formed as described above for the embodiment of Fig. 4 The exonuclease degrades extender 
probe not bound to the target polynucleotide sequence back to its double strand formed by the hybridization of EP3 
and EP2 The extender probe, in this embodiment, is designed such that its degradation removes at least EP1 Pref- 
erably EP2 is about 5 to 50 : more preferably, 8 to 30, nucleotides in length The variant provides the option to use the 
degraded extender probe as a primer in a subsequent step in which EP2 of the degraded extender probe binds to S2 

75 of the extended extender probe and extends along the extended extender probe. 

The methods find use in single primer amplification wherein one or more copies of a target polynucleotide se- 
quence, i.e.. sequences identical to the target polynucleotide sequence, are formed free of any extender probe. Ex- 
tender probe is hybridized to a target polynucleotide sequence and is extended as described above. Extender probe 
not bound to the target is modified at its 3'-end in any of the embodiments mentioned above. A polydeoxynucleotide 

20 primer is then hybridized at least at its 3' -end with a nucleotide sequence complementary to S2 under conditions where 
(1) the extended extender probe is rendered single stranded, (2) the polydeoxynucleotide primer hybridizes with and 
is extended along the extended extender probe to form a duplex comprising extended primer, which contains a se- 
quence identical to the target polynucleotide sequence. Preferably the concentration of the extender probe is substan- 
tially lower than that of the polydeoxynucleotide primer. By "substantially lower" is meant that the concentration of 

25 extender probe relative to primer is at least 1 to 10, usually 1 to 100 or more Preferably, the concentration of the 
extender probe is less than one percent that of the polydeoxynucleotide primer. 

The use of the present method in single primer amplification is depicted in Fig. 6. 

Polydeoxynucleotide primer P has a sequence at its 3' -end (S H 2) that hybridizes with S'2, wherein S'2 is comple- 
mentary to S2 of the target polynucleotide sequence. Preferably, S"2 is a sequence identical to S2. P can also comprise 

30 a label W. P is hybridized with and extended along extended extender probe B (Fig. 1), D (Fig. 2) or F (Fig. 3), (which 
has been dissociated from its duplex) to form extended primer H comprising sequences S"2 and S"2, S"'2 is comple- 
mentary to EP2 and preferably identical to S'2. B, D or F and H are dissociated and P hybridizes with S"2 of H and 
S'2 of B, D or F and P is extended along B, D or F and H to yield H and H 1 , respectively. H 1 has complementary 
sequences S'2 and S"2. The duplexes are dissociated and P is hybridized with and extended along H 1 and H to yield 

35 h 1 and H2. Further repetition results in multiple copies of H 1 and H2. which can be detected because of the presence 
of label W. 

In one embodiment of the invention the present method can be utilized to modify the 3'-end of the extender probe 
and form the polydeoxynucleotide primer in situ. This embodiment is depicted in Fig 7 The extender probe contains 
EP1 and EP2. wherein EP2 is equivalent to primer sequence S"2 and optionally may contain a label W EP1 of the 
40 extender probe hybridizes with S1 of the target polynucleotide sequence and with a sequence within a scavenger 
polynucleotide. NS3, which is complementary with at least a portion of EP2 S2 is homologous with EP2. The extender 
probe is extended along A to produce an extended extender probe B containing sequence S'2. which is complementary 
to S2 B now contains EP2 and S'2, which are hybridizable with each other Extender probe hybridized to NS3 is 
degraded by an exonuclease having 3' activity, which is added to the reaction medium The extender probe is con- 
45 structed such that its degradation produces polydeoxynucleotide primer P. which is utilized in single primer amplifica- 
tion Accordmgly ( NS3 hybridizes with EP2, at least at its 3'-end, so that EP1 is degraded by the exonuclease leaving 
EP2 at the 3'-end of the remaining polynucleotide Reaction conditions are chosen such that further degradation is 
impeded by the presence of a double strand formed by NS3 hybridized to EP2 

Another convenient approach to control degradation of the extender probe so as to produce the polydeoxynucle- 
otide primer in situ is depicted in Fig 6. It involves the use of a 3'-exonuclease and one or morn nhnsphn- - 



50 



Who.. ;ho present 'nethco s app oc to rcclicatr.g a target colynucleot.de sequence one of the above dose need 
embod-me-ts :s fc'lowc-d and the blowing steps arc repeated at ! east c-ce (a) the polydecxynuc eotide enmer is 
caused to hvbnci/c wtn and extend a o^o re oxto^d^ ov.— r . r ~ . - < ^ .- ■ • ■ . 



14 



EPO 549 107 B1 



primer and (b) the extended primer is dissociated from the second duplex Normally this process will be repeated at 
least three times whereupon the primer also is hybridized with and is extended along the extended primer to form a 
duplex comprising the extended primer which is thereupon dissociated. Preferably, at least a fifteen nucleotide se- 
quence EP1 of the extender probe hybridizes with S1 Preferably, also, the polydeoxynucleotide primer contains at 

5 least a fifteen deoxynucleotide sequence S"2 capable of hybridizing with a sequence complementary to S2 

Preferably, S1 and S2 each respectively contain from 10 to 100 nucleotides. The method has application where 
the target polynucleotide sequence is DNA or RNA. In one aspect the polydeoxynucleotide primer is labeled with a 
reporter molecule. The reporter molecule can be, for example, a detectable group or a binder such as biotin or a 
nucleotide sequence other than the sequence that hybridizes with the sequence complementary to S2. The extended 

io primer can be detected by means of a reporter molecule covalently bonded to a probe. The probe will usually have a 
nucleotide sequence that is homologous or complementary to a portion of the target nucleotide sequence other than 
S1 or S2 

Another embodiment of the invention concerns a method for detecting the presence of a polynucleotide analyte 
in a sample suspected of containing the polynucleotide analyte A medium containing the sample is treated as described 

15 above to form a single stranded target polynucleotide sequence from the polynucleotide analyte, if present The target 
polynucleotide sequence has two non-contiguous, non-complementary nucleotide sequences S1 and S2 wherein S2 
is 5' of Si and is at i^st ten nucleotides long The medium is combined with an extender probe having two deoxynu- 
cleotide sequences. The sequence at the 3'-end of the extender probe (EP1 ) is hybridizable with S1 The other of the 
deoxynucleotide sequences (EP2) is homologous to S2 Means for modifying the 3'-end of extender probe not hybrid- 

20 ized with the target nucleotide sequence is included. A polydeoxynucleotide primer capable of hybridizing with a nu- 
cleotide sequence complementary to S2 is included when modification of the extender probe does not provide a primer 
Deoxynucleoside triphosphates and one or more polydeoxynucleotide polymerases are also combined. Conditions are 
chosen such that (1) the extender probe is hybridized with and is extended along the target polynucleotide sequence 
to form a duplex, (2) the extender probe not hybridized with the target polynucleotide sequence is modified, (3) the 

25 extended extender probe is dissociated from the duplex, (4) the primer hybridizes with and is extended along the 
extended sequence to form a second duplex comprising extended primer, (5) the extended primer is dissociated from 
the duplex, and (6) the primer hybridizes with and is extended along said extended primer to form a duplex comprising 
extended primer Steps (5) and (6) are repeated and steps (a) and (b) are performed concomitantly or wholly or partially 
sequentially. Then, an examination is conducted for the presence of the extended primer, the presence thereof indi- 

30 eating the presence of the polynucleotide analyte Steps (5) and (6) are repeated a least three times ; preferably at 
least 10 times; usually it is preferable that the number of repetitions be less than 30. Generally, steps (5) and (6) are 
repeated a number of times sufficient to provide an accurate detection of the polynucleotide analyte. Where the poly- 
nucleotide analyte is RNA, the polydeoxynucleotide polymerase comprises a reverse transcriptase. 

In carrying out the method of forming the single stranded polydeoxynucleotide using an extender probe, modifying 

35 the extender probe not hybridized to a target polynucleotide sequence and the amplification, an aqueous medium will 
be employed. Other polar cosolvents may also be employed, usually oxygenated organic solvents of from 1-6, more 
usually from 1 -4, carbon atoms, including alcohols, ethers and the like. Usually these cosolvents will be present in less 
than about 70 weight percent, more usually in less than about 30 weight percent 

The pH for the medium will usually be in the range of about 4.5 to 9 5, more usually in the range of about 5 5 -8 5. 

40 and preferably in the range of about 6 - 8 The pH and temperature are chosen and varied, as the case may be. so as 
to cause, either simultaneously or sequentially, dissociation of any internally hybridized sequences, hybridization of 
the extender probe with the target polynucleotide sequence and any other sequence that forms part of the means for 
modifying the 3'-end of the extender probe, hybridization of the polydeoxynucleotide primer with extended extender 
probe and extended primer, extension of the extender probe and primer, degradation of the 3'-end of the extender 

45 probe by an exonuclease. dissociation of the extended extender probe and extended primer. In some instances, a 
compromise will be made in optimizing the speed efficiency, and specificity of these steps depending on whether it is 
desired to perlorm the above steps performed sequentially or simultaneously Various buffers may be used to achieve 
the desired pH and maintain the pH during the determination Illustrative buffers include borate, phosphate, carbonate. 
Tris. barbital and the like The particular buffer employed is not critical to this invention but in individual methods one 

so buffer may be preferred over another 
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The time period for carrying out the modification of the 3'-end of the extender probe not hybridized to a target 
polynucleotide sequence will generally be about 0.5 to 30 minutes, preferably 1 to 20 minutes Where the present 
method is utilized in single primer amplification, the method is conducted for a time sufficient to achieve a desired 
number of copies of the extended primer or a sequence complementary thereto. This in turn, depends on the purpose 

5 for which the amplification is conducted, such as, for example, an assay for a polynucleotide analyte Generally the 
time period for conducting the method will be from about 1 to 10 minutes per cycle and any number of cycles can be 
used from 1 to as high as 200 or more, usually 5 to 80, frequently 10-60. As a matter of convenience it will usually be 
desirable to minimize the time period and the number of cycles. In general, the time period for a given degree of 
amplification can be shortened, for example, by selecting concentrations of nucleoside triphosphates sufficient to sat- 

10 urate the polynucleotide polymerase and by increasing the concentrations of polynucleotide polymerase and polynu- 
cleotide primer. Generally, the time period for conducting the method will be from about 5 to 200 minutes. As a matter 
of convenience, it will usually be desirable to minimize the time period 

The above conditions may also be chosen for forming a target polynucleotide sequence from a polynucleotide 
analyte 

is The amount of reagents for modifying the 3'-end of the extender probe varies depending on the particular means 

for achieving the modification In the situation wherein modification involves extension of the 3' -end of the extender 
probe, the concentration of the template dependent polynucieuiide polymerase and the deoxynucleotide triphosphates 
will generally be equal or more than that described below for the amplification and may require a different enzyme. 
The concentration of reagents utilized for the extension of the extender probe along the target polynucleotide sequence 

20 and amplification will be sufficient to extend the extender probe not bound to the target polynucleotide sequence. The 
concentration of any scavenger polynucleotide sequence will generally be at least as great as the concentration of 
extender probe and usually at least 10-fold higher. 

Where modification of the extender probe is accomplished by means of a 3' exonuclease, the concentration of the 
exonuclease is selected to degrade the extender probe to the desired extent in a practical time period such as 0.5-20 

25 minutes. Preferably, the template dependent polynucleotide polymerase will also have 3' exonuclease activity, and, 
thus, the concentration of this polymerase will be chosen to be sufficient to accomplish chain extension and degradation. 
Usually, when the 3'-end of the extender probe is to be completely degraded, the magnesium ion concentration in the 
initial enzyme reaction is kept low (less than 4mM, for example) and the pH remains high (greater than 8.0, for example). 
The concentration of the extender probe, as mentioned above, can be substantially less than that of the primer. 

30 Preferably, the extender probe concentration is less than one percent of that of the primer, more preferably less than 
0.1% that of the primer usually the extender probe concentration will be less than 1 nmolar, frequently less than 0.1 
nmolar (nM) whereas the primer concentration will usually be greater than 10 nmolar, usually at least 100 nmolar. 
Preferably, the concentration of primer is greater than 100 nM while that of the extender probe is less than 1 nM. 
The amount of the target polynucleotide sequence which is to be copied can be as low as one or two molecules 

35 in a sample but will generally vary from about 10 2 to 10 10 , more usually from about 10 3 to 10 8 molecules in a sample 
preferably at least 10~ 21 M in the sample and may be 10' 10 to 10" 19 M, more usually 10' 14 to 10" l9 M. The amount of the 
polydeoxynucleotide primer will be at least as great as the number of copies desired and will usually be 1Cr 13 to 10' 8 
moles per sample, where the sample is 1-1,000 uL. Usually, the primer will be present in at least 10" 9 M, preferably 
10' 7 M, and more preferably at least about 10~ 6 M Preferably, the concentration of the polynucleotide primer is sub- 

40 stantially in excess over, preferably at least 100 times greater than, the concentration of the single stranded polynu- 
cleotide. 

The concentration of the deoxynucleoside triphosphates in the medium can vary widely; preferably, these reagents 
are present in an excess amount The deoxynucleoside triphosphates will usually be present in 1 a 6 to 1 0' 2 M, preferably 
10- 5 to 10- 3 M 

45 The concentration of the template-dependent polynucleotide polymerase will usually be determined empirically 

Preferably, a concentration will be used that is sufficient such that further increase in the concentration will not decrease 
the time for the amplification by over 5-fold, preferably 2-fold. The primary limiting factor generally is the cost of the 
reagent 

The order of combining of the various reagents to form the combination may vary. Generally, the target polynucle- 
50 otide sequence is obtained from a sample containing such sequence or a polynucleotide ana'vio tha* ^ ^.t^i 
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fidelity of replication Generally it is desirable to increase the number of copies of the extended primer by at least a 
factor of 10 2 : preferably a factor of 10 4 , more preferably 10 6 or more 

In carrying out the method of the invention as applied to the detection of a polynucleotide analyte, the considerations 
as to media, pH. temperature and times can be as described above 
5 While the concentrations of the various reagents will generally be determined by the concentration range of interest 

of the polynucleotide analyte, the final concentration of each of the reagents will normally be determined empirically 
to optimize the sensitivity of the assay over the range of interest. The concentration of the other reagents in an assay 
generally will be determined following the same principles as set forth above for the amplification method. The primary 
consideration is that a sufficient number of copies of extended primer be produced, free of any extender probe, in 
w relation to the polynucleotide analyte sequence so that such copies can be readily detected and provide an accurate 
determination of the polynucleotide analyte. 

The copies of extended primer can be detected in numerous ways. For example, in the present method, molecules 
of the polydeoxynucleotide primer can be labeled with a reporter molecule such as a ligand, a small organic molecule, 
a polynucleotide sequence, a protein, support, a member of an operator-repressor pair, intercalation dye and the like 
is Examples of particular labels or reporter molecules and their detection can be found in U.S. Patent Application 

Serial No 07/555,323 filed July 19, 1990, see also EP469755 

Other assay formats and detection fuirnais are disclosed in U S Patent Applications Serial Nos 07/299,282 and 
07/399,795 filed January 19, 1989, and August 29, 1989, respectively, see also EP379369. 
Any standard method for specifically detecting nucleic acid sequences can be used. 
20 One method for detecting nucleic acids is to employ nucleic acid probes. 

One method utilizing probes is described in U.S. Patent Application Serial No 773,386, filed September 6, 1985, 
US4868104. 

Detection of the signal will depend upon the nature of the signal producing system utilized. If the label or reporter 
group is an enzyme, additional members of the signal producing system would include enzyme substrates and so forth. 

25 The product of the enzyme reaction is preferably a luminescent product, or a fluorescent or non-fluorescent dye ; any 
of which can be detected spectrophotometrically, or a product that can be detected by other spectrometric or electro- 
metric means If the label is a fluorescent molecule the medium can be irradiated and the fluorescence determined 
Where the label is a radioactive group, the medium can be counted to determine the radioactive count. 

Various techniques can be employed for preparing an extender probe, polydeoxynucleotide primer, or other poly- 

30 nucleotide sequences utilized in the present invention They can be obtained by biological synthesis or by chemical 
synthesis. For short sequences (up to about 100 nucleotides) chemical synthesis will frequently be more economical 
as compared to the biological synthesis. In addition to economy, chemical synthesis provides a convenient way of 
incorporating low molecular weight compounds and/or modified bases during the synthesis step. Furthermore, chemical 
synthesis is very flexible in the choice of length and region of the target polynucleotide binding sequence. The extender 

35 probe, polydeoxynucleotide primer and other polynucleotides can be synthesized by standard methods such as those 
used in commercial automated nucleic acid synthesizers. Chemical synthesis of DNA on a suitably modified glass or 
resin can result in DNA covaiently attached to the surface. This may offer advantages in washing and sample handling. 
For longer sequences standard replication methods employed in molecular biology can be used such as the use of 
M1 3 for single stranded DNA as described by J Messing (1 983) Methods Enzymol . J_01_ : 20-78 

40 Other methods of oligonucleotide synthesis include phosphotriester and phosphodiester methods (Narang et al. 

(1979) Meth Enzymol 68: 90) and synthesis on a support (Beaucage, et al. ( 1 981 ) Tetrahedron Letters 22 1859-1862) 
as well as phosphoramidatc technique. Caruthers. M H ctal_. "Methods in Enzymology," Vol 154, pp 287-314 (1 988), 
and others described in "Synthesis and Applications of DNA and RNA," S A Narang, editor, Academic Press New 
York 1987 ; and the references contained therein 

45 Extender probes containing at least one phosphorothioate diester can be prepared according to known techniques 

Oligonucleotide synthesis can be carried out as described above up to the point where introduction of the phospho- 
rothioate diester is desired The phosphorothioate diester can be introduced in a number of ways such as. for example, 
oxidations utilizing a thiolatmg reagent such as a diacyldisulfide or tetraethyl thiuram disulfide, which are commercially 
available The remaining nucleotides are then introduced Other methods of preparing phosphorothioate containing 

so polynucleotides are described in WO900883S. WOB91 1486 US Patent No 4 Qm fphc?.^ »~. ' 
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As a matter of convenience, predetermined amounts of reagents employed in the present invention can be provided 
in a kit in packaged combination In assaying for a polynucleotide analyte in a sample a kit useful in the present method 
can comprise, in packaged combination with other reagents, reagents for forming a target polynucleotide sequence 
from a polynucleotide analyte. an extender probe having at its 3'-end a sequence hybridizable with a first sequence in 

5 a target polynucleotide sequence and having a sequence that is homologous to a second sequence of the target 
polynucleotide sequence, wherein the second sequence is 5' and non-contiguous with the first sequence, and a polyde- 
oxynucleotide primer the latter of which can be labeled or can be provided with groups to render the sequence labeled 
or bound to a support. The kit can further include a labeled polynucleotide probe capable of binding to the target 
polynucleotide sequence, any polynucleotide sequences necessary for modifying the 3* -end of extender probe not 

10 hybridized to the target polynucleotide sequence and also, where appropriate, a 3' exonuclease The kits above can 
further include in the packaged combination deoxynucleoside triphosphates such as deoxynucleoside triphosphates, 
eg, deoxyadenosine triphosphate (dATP), deoxyguanosme triphosphate (dGTP), deoxycytidme triphosphate (dCTP) 
and deoxythymidine triphosphate (dTTP) For use in a method of producing multiple copies, the kit can contain a 
polydeoxynucleotide primer if the primer is not produced by degradation of the extender probe. The kit can further 

*5 include a polydeoxynucleotide polymerase and members of a signal producing system and also various buffered media, 
some of which may contain one or more of the above reagents 

The relative amounts oi ihe various reagents in the kits can be varied widely to provide for concentrations of the 
reagents which substantially optimize the reactions that need to occur during the present method and to further sub- 
stantially optimize the sensitivity of the assay. Under appropriate circumstances one or more of the reagents in the kit 

20 can be provided as a dry powder, usually lyophilized, including excipients, which on dissolution will provide for a reagent 
solution having the appropriate concentrations for performing a method or assay in accordance with the present in- 
vention. Each reagent can be packaged in separate containers or some reagents can be combined in one container 
where cross-reactivity and shelf life will permit. 

25 EXAMPLES 

The invention is demonstrated further by the following illustrative examples. Temperatures are in degrees centi- 
grade (°C) and parts and percentages are by weight, unless otherwise indicated. 

30 EXAMPLE 1 

Modification of Extender Probe by Exonuclease Degradation 

Oligodeoxyribonucleotide sequences 1 and 2: 
35 Polynucleotide extender probe; 
Oligomer 1 

5 , TGT TGT TCC GTT AGT XCG TTT TAT TTG TCG AAA TCC GCG 
40 ACC TGC TCC ATG TTA CT3 1 (SEQ. No. 1), and 

Polydeoxynucleotide primer for amplification 
Oligomer 2 

45 

5 , TGT TGT TCC GTT XGT TCG TTT TAT T 3 1 (SEQ. No. 2) 

were synthesized by the phosphoramidite method (Atkinson. T and Smith. M. in Ohaonucleotide Synthesis A Practical 
50 Approach. Gait. M J fed ). IRL Press. Oxford England (1984)) and purified on don^t-noo ^oivarrvi^id^ ' 
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95°C for 5 minutes and cooled to room temperature to allow annealing of the extender probe oligomer 1 to the template 
5 units of T7 DNA polymerase (New England Biolabs). 5 units of T4 DN A polymerase (Bethesda Research Laboratories) 
or 4 units of Klenow fragment (U.S. Biochemical) was added to the reaction and incubated at 37°C for 5-10 minutes. 
During this incubation, any extender probe oligomer 1 , which was not annealed to the target polynucleotide was de- 
graded by the 3' to 5' exonuclease activity of the above enzymes Any extender probe which annealed to the target 
polynucleotide was extended by the polymerase activity of the enzymes to form the amplifiable polynucleotide having 
an intramolecular base paired structure. The T7, T4, or Klenow polymerase was then heat inactivated by incubation 
at 95°C for 2 minutes and the mixture was again cooled to room temperature. 100 pmoles of oligomer 2 and 1 to 2 
units of Vent DNA polymerase (New England Biolabs) were then added for a final volume of 1 00 microliters (uJ). Tem- 
perature cycling of 90°C (30 seconds), 55°C (1 minute), and 72°C (5 minutes for the first 10 cycles and 1 .5 minutes 
thereafter) was performed using a programmable thermal cycler (Ericomp. Inc.) for a number of cycles through the 
above three temperatures Aliquots from these reactions were withdrawn at the conclusion of temperature cycling and 
were analyzed by electrophoresis through 1 2% agarose (Seakem GTG, FMC BioProducts) gels in 1 X TAE buffer [40 
mM Tris-Acetate (pH 10 3 @ 23°C), 10 mM EDTA] and the DNA products were visualized by staining the gel with 
ethidium bromide. 

In order to confirm that the treatment with the 3' to 5' exonuclease completely removed any extender probe oligomer 
1 net annealed to the target poiyi luuieuiide from ihe reaction a trace amount of extender oligomer 1 labeled at the 5'- 
end with 32P using T4 polynucleotide kinase (USB) was included in the reaction. An aliquot was removed after the 
exonuclease incubation and analyzed by denaturing polyacrylamide gel electrophoresis followed by autoradiography. 
Results obtained from this experiment are summarized in Table 1. 

TABLE 1 



3' to 5' exonuclease treatment 


Target DNA 


Extender probe present after 


Amplification after 60 cycles 






cycle 1 






none 


+ 




+ 


none 








600 molecules 


+ 


+ 


+ 


600 molecules 




+ 



The results in Table 1 demonstrate that treatment of the reaction mixture with a DNA polymerase which possesses 
a 3' to 5' exonuclease activity, after annealing of the extender probe 1 oligomer to the target polynucleotide but before 
the addition of the amplification polydeoxynucleotide primer and the thermostable DNA polymerase, completely re- 
moved all of the extender probe oligomer 1 from the reaction and permitted the formation of enough polynucleotide 
having an intramolecular base paired structure to allow amplification from 600 double-stranded DNA targets. 



EXAMPLE 2 

Modification of Extender Probe by Cham Extension 

Ohgodeoxynbonucleotide sequences 1 and 2 
Polynucleotide extender probe 
Oligomer 1 



5 • TAG CTA GCA GTA ACA TGG AGC AGT GTT GTT CCG TTA GTT 
CGT TTT ATT TGT CGA AAT CCG CGA CCT GCT CCA TGT TAC T 3 ■ 
(SEQ. No. 3), and 



1 TGT TGT TCC GTT AGT TCG TTT TAT T 3' ( 3ZQ . No. 4 ) 

<tro svntnesi/eoa by tne p-osnhc-nmia le mo:^od ana pj'-'io:; on onnatunnq po.yHcry.Hn do qols r,ont* 
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oliqomer 1 is the entire sequence of oligomer 2 (bases 24-48). wh,ch were used to generate an amplifiablo polynucle- 
otide having an intramolecular base paired structure Bases 9-23 and 65-79 of oligomer 1 comprise an inverted repeat, 
which is capable of forming an intramolecular base paired structure consisting of a 15 basepair stem and a 41 base 
loop. The eight 5' terminal bases of oligomer 1 are not complementary to the target polynucleotide, i e. bacteriophage 

M13 A protocol for DNA amplification of bacteriophage M13mp19 (double-stranded replicative form, 7250 base pairs) 
using extender probe oligomer 1 to form the initial polynucleotide having an intramolecular base paired structure and 
subsequently oligomer 2 to drive the amplification was utilized Ten picomoles (pmol) of oligomer 1 , 200 pmoles of 
oliqomer 2 and 600 molecules of M13mp19 were combined in a buffer of 10mM KCI, 10 mM (NH 4 ) 2 S0 4 , 20 mM Tris- 

,o HCI (pH 8 8® 25°C) 2 mM MgS0 4 01% Triton® X-100, and 20 nanomoles (nmoles) of each dNTP The reaction 
mixture was denatured at 95°C for 5 minutes and cooled to room temperature to allow annealing of extender probe 
oliqomer 1 to the target DNA One to two units of Vent DNA polymerase (New England Biolabs) was then added for a 
final volume of 100 microliters (pi). The reactions were then incubated at 72°C for 10 minutes. During this step any 
extender probe oligomer 1 that annealed to the target polynucleotide was extended by Vent polymerase to form an 

is intramolecular base paired (bp) structure, which was amplified by oligmer 2 Any extender probe oligomer 1 not an- 
nealed to the target polynucleotide formed an intramolecular stem-loop containing a 15 bp stem and an 8 base 5 
sinnlft.siranried nv«rh a nn Thi s 5' overhang was filled in by Vent polymerase with complementary nucleotides 
Since the 8 bases filled in by Vent polymerase were not complementary to the target polynucleotide, the modified 
extender probe oligomer 1 was rendered inactive as a primer. Any of this extender probe that may still anneal to the 

20 target has an 8 base mismatch at the 3'-end and thus can not be extended by Vent polymerase 

Temperature cycling of 90°C (30 seconds), 55°C (1 minute), and 72°C (5 minutes for the first 10 cycles and 1.5 
minutes thereafter) was performed using a programmable thermal cycler (Ericomp, Inc.) for a number of cycles through 
the above three temperatures. Aliquots from these reactions were withdrawn at the conclusion of temperature eyeing 
and were analyzed by electrophoresis through 12% agarose (Seakem GTG, FMC BioProducts) gels in 1 XTAE buffer 

25 [40 mM Tris-Acetate (pH 10.3 O 23»C), 1 0 mM EDTA] and the DNA products were visualized by staining the gel with 

eth id ium bromide. , w t . 

In order to confirm that all unannealed extender oligomer probe 1 was filled in by the action of Vent polymerase 
us.nq deoxynucleotide triphosphates during the initial mcubat.on at 72*C ; a trace amount of extender probe oligomer 
1 that had been labeled at the 5'-end with using T4 polynucleotide kinase (USB) was included in the reaction. An 
aliquot was removed after the initial incubation at 72°C and analyzed by denaturing polyacrylam.de gel electrophoresis 
followed by autoradiography. Results obtained from this experiment are summarized in Table 2: 
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TABLE 2 



Target DNA 


Fill-in of extender probe after cycle 1 


Amplification after 60 cycles 


None 
600 molecules 


+ 
+ 


+ 



The results in Table 2 demonstrate that, in the presence of 600 double-stranded DNA targets, the extender probe 
oliqomerformed an internal base paired structure or stem loop with a 5' single stranded overhang, which was effectively 
f,lled-,n by Vent polymerase by the end of the first cycle of amplification, thereby preventing ,t from serving as a primer 
in subsequent rounds of amplification The amplification primer then efficiently drove the amplification of the ampliliablo 
intramolecular base paired structures that were formed in the initial cycle. 

45 EXAMPLE 3 

Mortification of Extender Probe Utilizing a Phrosphoro thioate- containing Oligonucleotide 

The detection of approximately 600 double-stranded target molecules using single primer amplification was dem- 
so onstrated repeatedly using adegradable. phosphoroth,oale<ontaining oligonucleotide The oligonucleotide (56 bases) 



W p, ,,dci^ rdfir'-oim",! cc.pi.r.q crimen, f-.lli-.v. n, p-ctc-ro " App ,oc B.or.ysto-.-. nc !_ so- B.. Ic:,n 
N , r1lbor 5? Cob ,, lf ,. y iooi ln picscn , two rM'o-on: cxtonnc. crooos .dcMc;>l m soauonce offering on-y .n 

t-0 -l.r-r.nr ri-i lotion of t*n ^OPPh^-r'h^ 4 !n -in- .-in-- - i-k^n.c- r^n -n'.- ,-. ,•..-<.- — r ". n-( 
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in separate experiments 

The formation and amplification of a stem-loop molecule was carried out in 100 microliter reactions containing an 
appropriate buffer (20 mM Tns-HCI, pH 8.8. 10 mM KC1 10 mM (NH 4 ) 2 S0 4 , 2 mM MgS0 4 and 0 1% Triton® X-100). 
dNTPs (200 to 300 micromolar), double stranded target polynucleotide molecule (600 M13mp19 molecules ), and the 

5 extender probe (0 5 to 4 micromolar initial concentration) Reactants were heat<Jenatured for 5 minutes at 95 a C and 
annealed at 25°C (room temperature) for 15 to 20 minutes. A DNA polymerase with a strong 3' exonuclease activity 
was added (10 units per 100 u.l of T7 DNA polymerase, New England Biolabs (NEB), Beverly Mass.) Reactions were 
incubated at 37°C such that any extender probe annealed to target was chain extended, whereas all non-annealed 
extender probe was degraded up to the position(s) of the thio linkage(s). The extender probe was radiolabeled at the 

w 5'-end to monitor degradation. Complete degradation of the non-annealed extender probe up to the thio Hnkage(s) was 
obtained in as little as 1 minute, while the remaining sequence was resistant to further degradation for up to 1 5 minutes. 
After the elongation/degradation was complete, reactants were again heated at 95°C for 1 to 2 minutes, thereby inac- 
tivating the T7 polymerase and denaturing the newly formed stem-loop molecule from the original target molecule. A 
heat-stable polymerase was added (Pfu from Stratagene San Diego, CA, 5 units per 100 jil) and the reactions are 

15 cycled in a format as described in the previous examples Aliquots from these reactions are analyzed by electrophoresis 
through 1 .2% agarose (Seakem, FMC Bio Products) gels in 1 x TBE buffers [B9 mM Tns-borate, 89 mM bone acid, 0 2 
mM EDTA] and the amplified product was visualized by cthidium bromide staining. 
Extender Probes containing thio linkage(s): 

20 1 . One phosphorothioate linkage (arrow) between A34 and T 35 : 

a) 23 base primer remained after degradation (underlined) 

3 • TC ATT GTA CCT CGT CCA GCG CCT AAA GCT G T T T AIT T 
25 TTGCTTGAT TGCCTTGTTGT 5' (SEQ. No, 5) 
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2 Three phosphorothioate linkages (arrows) between T 33 and T^; 

a) mixture of 3 primers (24, 23, 22 bases) remained after degradation (underlined) 

3 , TC ATT GTA CCT CGT CCA GCG CCT AAA GCT G T T TlAiTlT 
TTGCTTCA TjrS££HgT rGT (SEQ* NO* 6) 



This invention also relates in a second aspect to the general use of the phosphorothioate^ontaimng oligonucle- 
otides as primers in nucleic acid amplification. 

SUMMARY OF THIS ASPECT OF THE INVENTION 

40 

In one embodiment of the present invention a method is described for forming a polynucleotide sequence com- 
plementary to a single stranded target polynucleotide sequence ("target sequence") The method comprises the steps 
of (a) hybridizing to the 3'-end of the target sequence a polynucleotide primer having a 3'-termmus comprised of a 
nucleotide monophosphate in which at least one phosphate oxygen is replaced by sulfur (b) extending the polynucle- 
45 ot.de primer along the target sequence and (c) dissociating the extended polynucleotide primer from the target se- 
quence 

Another embodiment of the present invention is a method for forming a polynucleotide sequence having a sequence 
identical except for the presence of a sulfur bond to phosphorus in place of an oxygen, to a single stranded target 
polynucleotide sequence ("target sequence") The method comprises the steps of (a) hybndi/ing to the 3'^end of the 
so target sequence a first polynucleotide primer (-first primer") containing at least one phosphorous bond (b) extending 



' r,> P r,rv>' ib a temple <o: :ho second pnmcr and t- extonaod second prmer s a ter^atc I- re f 's: ^ mer 

The methocs of the present invention nave app^al-on to a methods for forming multiple cosies of a target ooly- 
nuc : eotdc sequence Gc-crnl'v those methods cc-c-sc 'h- ^!op of <or— n nvtn^n - - , r ~ 
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primer along the target sequence or along an extended polynucleotide primer where the extension products are copies 
of the target sequence The improvement provided by the present invention comprises the primer having a 3' -terminus 
comprised of a nucleotide monophosphate containing at least one phosphorous-sulfur bond 

Accordingly, one embodiment of this aspect of the present invention is a method of producing multiple copies of 

5 a polynucleotide sequence. The method comprises (a) providing in combination (1 ) a single stranded polynucleotide 
having such polynucleotide sequence and being flanked at each end by at least partially complementary first and 
second flanking sequences, (2) a polynucleotide primer at least a 10 base portion of which at its 3'-end is hybridizable 
to that member of the first and second flanking sequences that is at the 3'-end of the single stranded polynucleotide, 
the polynucleotide primer containing at least one phosphorothioate linkage, (3) nucleoside triphosphates, (4) template 

w dependent polynucleotide polymerase and (b) incubating the combination under conditions for either wholly or partially 
sequentially or concomitantly {1 ) dissociating the single stranded polynucleotide from any complementary sequences, 

(2) hybridizing the polynucleotide primer with the flanking sequence at the 3'-end of the single stranded polynucleotide, 

(3) extending the polynucleotide primer along the single stranded polynucleotide to provide a first extended polynu- 
cleotide primer, (4) dissociating the first extended primer and the single stranded polynucleotide. (5) hybridizing the 

is first extended polynucleotide primer with the polynucleotide primer. (6) extending the polynucleotide primer along the 
first extended polynucleotide primer to provide a second extended polynucleotide primer, (7) dissociating the second 
extended polynucleotide primer from the first extended polynucleotide primer, and (8) i treating steps (b)- (7) above. 

In accordance with this aspect of the present invention a method is available for forming multiple copies of a single 
stranded target polynucleotide sequence ("target sequence") containing at least one phosphorous-sulfur bond The 

20 method comprises the steps of (a) hybridizing to the 3' -end of the target sequence a first polynucleotide primer ("first 
primer") containing at least one phosphorous-sulfur bond, (b) extending the first primer along the target sequence, the 
first primer being capable of hybridizing to, and being extended along, (1) extended first primer or (2) an extended 
second polynucleotide primer ("second primer") wherein the extended second primer results from the extension of a 
second primer capable of hybridizing to and extending along a sequence that is complementary (complementary se- 

25 quence) to the target sequence, (c) dissociating extended first primer from the target sequence, (d) hybridizing to the 
3'-end of the extended first primer the first or the second primer, (e) extending the first or the second primer along the 
extended first primer, (f) dissociating the extended first primer or the extended second primer from the extended first 
primer, (g) hybridizing tothe 3'-end of the extended first or second primer the first primer, and (h) repeating steps (e)-(g). 
Another embodiment of this aspect of the present invention is a method for forming multiple copies of at least one 

30 double stranded polynucleotide sequence ("polynucleotide sequence") The sequence comprises a single stranded 
target polynucleotide sequence (target sequence") and its complementary sequence. The method comprises the steps 
of (a) treating a sample suspected of containing one or more of the double stranded polynucleotide sequences with 
polynucleotide primers capable of hybridizing to each target and each complementary sequence suspected of being 
present in the sample under conditions for hybridizing the primers to, extending the primers along the target and the 

35 complementary sequences, wherein the primers are selected such that the extension product formed from one primer, 
when it is dissociated from its complement, can serve as a template for the formation of the extension product of another 
primer, wherein at least one of the primers for each of the double stranded polynucleotide sequences contains at least 
one phosphorous-sulfur bond, (b) dissociating the primer extension products from their templates if the sequence or 
sequences are present to produce single stranded molecules, and (c) treating the single stranded molecules produced 

40 m step (b) with the primers of step (a) under conditions such that a primer extension product is formed using the single 
strands produced in step (b) as templates resulting in amplification of the target sequences and complementary se- 
quences if present 

Another aspect of the present invention is a method for detecting the presence or absence of at least one specific 
polynucleotide sequence ("polynucleotide sequence") in a sample suspected of containing the polynucleotide se- 

45 quence The method comprises the steps of (a) treating a sample suspected of containing one or more of the polynu- 
cleotide sequences with one polynucleotide primer ("primer") for each polynucleotide sequence suspected of being 
present in the sample under hybridizing conditions such that for each different polynucleotide strand to which a primer 
is hybridized an extension product of each primer is formed which is complementary to each strand, wherein the primer 
or primers are selected so as to be sufficiently complementary to each strand to hybridize therewith such that the 

so extension product formed from one primer, when it is dissociated from its complement, can serve as a template for tho 

formation nf nx'on^ 1 ^ rH 1 !^ ~»v-n' — 
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Another aspect of the present invention is a method for determining the presence of a polynucleotide analyte in a 
sample suspected of containing said analyte The method comprises the steps of (a) forming as a result of the presence 
of the analyte a single stranded polynucleotide flanked by at least 80% complementary first and second flanking se- 
quences, each comprised of at least 15 nucleotides, (b) forming in the presence of nucleoside triphosphates and 

5 template-dependent polynucleotide polymerase an extension of a polynucleotide primer at least the 3'^end of which 
can hybridize with the flanking sequence at the 3'-end of the single stranded polynucleotide sequence, wherein the 
polynucleotide primer contains at least one phosphorothioate linkage and wherein steps (a) and (b) can be performed 
wholly or partially sequentially or concominantly, and (c) detecting extended polynucleotide primer containing a se- 
quence identical to and/or complementary with the polynucleotide sequence. The above method can involve a variation 

10 wherein in step (a) an extender probe is combined with the analyte, having two noncontiguous, non-complementary 
nucleotide sequences S1 and S2. wherein S2 is 5' of S1 and is at least 10 nucleotides long. The extender probe has 
a sequence S3 capable of hybridizing to S1 and having a sequence S4 that is 5' of S3 and homologous with S2 and 
further being capable of being extended along said analyte. 

The invention also includes kits comprising in packaged combination (a) a polynucleotide primer having a 3'-ter- 

15 minus comprised of a nucleotide monophosphate containing at least one phosphorous-sulfur bond, (b) nucleoside 
triphosphates, and (c) a template-dependent polynucleotide polymerase. A kit for amplification of a target polynucle- 
otide sequence can also comprise a second polynucleotide primer The primers arc related in thai a product ot tne 
extension of one along the target sequence serves as a template for the extension of the other In the above kit the 
second primer can have a 3'-termmus comprised of a nucleotide monophosophate that contains at least one phospho- 

20 rous-sulfur bond. 

Brief Description of the Drawings 

Figs 1-3 are schematics of different embodiments in accordance with the present invention. 
25 Figs 4-6 are photographs of agarose gels of reactions products obtained in the EXAMPLES section hereinbelow. 

In the attached Figs , these are referred to as the Figs, of the second aspect of the invention. 

Description of the Specific Embodiments 

30 In its broadest aspect the present invention provides for the formation of a polynucleotide sequence complementary 

to a single stranded target polynucleotide sequence. In the method a polynucleotide primer having a 3'-terminus com- 
prised of a nucleotide monophosphate in which at least one phosphate oxygen is replaced by sulfur is hybridized to 
the 3'-end of a target polynucleotide sequence. The polynucleotide primer is extended along the target polynucleotide 
sequence and extended polynucleotide primer is dissociated from the target polynucleotide sequence. 

35 Heretofore it had been thought that oligonucleotides containing thiophosphate groups were poor substrates for 

polymerases. See, for example, Gao. etal , supra . As a result of the present invention synthetic oligonucleotide primers 
that are resistant to degradation by the exonuclease activities of many DNA polymerases can be used in amplification 
procedures Accordingly, polymerases that have 3* to 5' exonuclease activity can be employed in various extension 
and amplification procedures The editing function provided by this exonuclease activity allows for greater fidelity of 

40 replication in an amplification procedure 

The methods have particular application in the area of the amplification of polynucleotides such as by polymerase 
chain reaction, single primer amplification and amplification using oligonucleotides of random sequence as primers 
all referred to above, in which a polynucleotide sequence derived from a sample is amplified The present method 
provides a highly convenient method for conducting amplification of nucleic acid sequences 

45 As a result of the present invention synthetic oligonucleotide primers can be used in extension procedures including 

nucleic acid amplification without concern for degradation by the exonuclease activities associated with many DNA 
polymerases used in nucleic acid extension and amplification procedures For example, PCR, which provides for an 
exponential amplification of nucleic acids, can be carried out using an en/yme other than a Taq polymerase which 
lacks a 3' -5' exonuclease activity and. thus is not capable of removing mismatches Numerous modifications of this 

50 procedure have been described, some requiring temperature cycling, others amplifying at a single temperature The 
present invontion allows ampI'Va*^ nrnrod .^^ - ! - h - r ' 
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otido analyte, the identity of which is known to an extent sufficient to allow preparation of various primers and other 
molecules necessary for conducting an amplification of the target sequence contained within In general, the primers 
hybridize to, and are extended along, the target polynucleotide sequence and thus, the target polynucleotide sequence 
acts as a template. The target polynucleotide sequence usually lies between two defined sequences but need not. In 

5 general the primers and other probe polydeoxynucleotides hybridize with the defined sequences or with at least a 
portion of such target sequence, usually at least a ten nucleotide segment at the 3' -end thereof and preferably at least 
1 5, frequently 20 to 50 nucleotide segment thereof. As mentioned above, the target polynucleotide sequence generally 
has two defined, that is, non-contiguous, complementary or non-complementary, nucleotide sequences, S1 and S2, 
which are capable of hybridizing to such primers or probes. The target polynucleotide sequence usually contains from 

10 about 30 to 5,000 or more nucleotides, preferably 50 to 1 .000 nucleotides. The two non-contiguous, non-complemen- 
tary nucleotide sequences, S1 and S2, preferably contain from 10 to 100 nucleotides each and are separated by at 
least ten bases, preferably at least 1 00. usually 200 to 1 0,000. The target polynucleotide sequence is frequently a part 
of the polynucleotide analyte The target polynucleotide sequence is generally a fraction of a larger molecule or it may 
be substantially the entire molecule The minimum number of nucleotides in the target polynucleotide sequence is 

is selected to assure that the presence of target polynucleotide sequence in a sample is a specific indicator of the presence 
of polynucleotide analyte in a sample Very roughly, the sequence length is usually greater than about 1 6 log L nucle- 
otides wnere l is tne numoer or oase pairs in tne genome ot tne biologic source of the sample. I he maximum number 
of nucleotides in the target sequence is normally governed by the length of the polynucleotide analyte and its tendency 
to be broken by shearing, or other processes during isolation and any procedures required to prepare the sample for 

20 assay and the efficiency of detection and/or amplification of the sequence. 

Polydeoxynucleotide primer - a polydeoxynucleotide, usually a synthetic deoxynucleotide that is single stranded, 
containing a sequence at its 3'-end that is capable of hybridizing with a defined sequence of the target polynucleotide 
sequence. Normally a polydeoxynucleotide primer has at least 50%, preferably 70%, more preferably 90%, most pref- 
erably 1 00%, complementarity as the defined sequence. The number of deoxynucleotides in the hybridizable sequence 

25 of a polydeoxynucleotide primer should be such that stringency conditions used to hybridize the polydeoxynucleotide 
primer will prevent excessive random non-specific hybridization. Usually, the numberof deoxynucleotides in the polyde- 
oxynucleotide primer will be at least as great as the defined sequence of the target polynucleotide sequence, namely 
at least ten deoxynucleotides, preferably at least 15 deoxynucleotides and generally from about 10 to 200, preferably 
20 to 50, deoxynucleotides 

30 Means for extending a primer - a polynucleotide polymerase or a single stranded template polynucleotide having 

a sequence other than at its 3' end that can hybridize to at least the 3' end of the primer or both. Means for extending 
a primer also includes nucleoside triphosphates or analogs thereof capable of acting as substrates for the enzyme and 
other materials and conditions required for enzyme activity such as a divalent metal ion (usually magnesium), pH, ionic 
strength, organic solvent (such as formamide), and the like. 

35 In accordance with the present invention at least one polydeoxynucleotide primer used in an extension along a 

template or target polynucleotide has a 3'-terminus comprised of a nucleotide monophosphate in which an oxygen of 
at least one phosphate has been replaced by sulfur. Preferably, an oxygen of 1 to 5 phosphates is replaced by sulfur, 
more preferably, the oxygen of 1 to 2 phosphates is replaced The sulfur is frequently bound solely to phosphorus 
(phosphorothioate group), but can also be bound to a ribose carbon atom or carbon atom of a label. Thus, the polyde- 

40 oxynucleotide primers utilizable in the methods of the present invention contain at least one, preferably 1 to 5, more 
preferably, 1 to 2. phosphorus-sulfur bonds One consideration in the number of phosphorus-sulfur bonds is the degree 
of complementarity between the primer and the template polynucleotide In general the greater the complementarity 
the greater the permissible number of phosphorus-sulfur bonds The phosphorus-sulfur bonds are generally located 
at the 3' end of the polydeoxynucleotide primer usually within the last ten nucleotides from the 3' end. preferably within 

45 the last five nucleotides from the 3' end, more preferably, at the last nucleotide of the primer. These sulfur-containing 
polydeoxynucleotide primers can be prepared according to known techniques as described below 

In one embodiment of the present invention a method is described for forming a polynucleotide sequence com- 
plementary to a single stranded target polynucleotide sequence ("target sequence") The method comprises the steps 
of (a) hybridizing to the 3'-end of the target sequence a polynucleotide primer having a 3'-terminus comprised of a 

so nucleotide monophosphate in which at least one phosphate oxyqen is replaced by sulfur (b) extending the oolvnuclo- 
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identical except lor the presence of a phosphorus-sulfur bond in place of a phosphorus-oxygen bond, to a single 
stranded target polynucleotide sequence. The method comprises the steps of (a) hybridizing to the 3' -end of said target 
polynucleotide sequence a first polynucleotide primer ("first primer") containing at least one phosphorous-sulfur bond 
(b) extending the first primer along the target polynucleotide sequence (c) dissociating the extended first primer from 

5 the target polynucleotide (d) hybridizing to the 3'-end of the extended first primer a second polynucleotide primer ("sec- 
ond primer") wherein the second primer can be the same as or different from the first primer, and (e) extending the 
second primer along the extended first primer to form extended second primer wherein, when the first and second 
primers are the same the extended first primer is a template for the first primer and, when the first and second primers 
are different the extended first primer is a template for the second primer and the extended second primer is a template 

w for the first primer The above method can include the step of dissociating the extended second primer from the extended 
first primer Conditions can be chosen to obtain repeated cycling such that extended primers are dissociated from their 
templates and then the primers can be hybridized to and extended along the extended primers Cycling can be repeated 
at least 3 times. The extending is carried out in the presence of nucleoside triphosphates and template dependent 
polynucleotide polymerase 

is The methods of the invention find use in polynucleotide amplification such as, for example, PCR and single primer 

amplification, wherein one or more copies of a target polynucleotide sequence, i.e.. sequences identical to the target 
polynucleotide sequence, are formed 

The use of the present method in single primer amplification is depicted in Fig. 2 In the following description 
appropriate conditions for the hybridizing, extending, and dissociating steps are chosen as discussed below. Polyde- 

20 oxynucleotide primer Pi hybridizes with T1 , wherein T1 is capable of hybridizing with, preferably complementary to, 
T2 of the target porynucleotide sequence P1 can also comprise a label W (not shown) P1 is hybridized with and 
extended along the target T toform extended primer H comprising sequences P1 and P2, wherein P2 is complementary 
to T2 and P1 H is dissociated from T and P1 hybridizes with P2 of H and T1 of T and is extended along H and T, 
respectively The duplexes are dissociated and P1 is hybridized with and extended along H and T to yield H' and H, 

2S respectively. Further repetition results in multiple copies of the target polynucleotide sequence, which can be detected 
because of the presence of label W 

Another embodiment of this aspect of the present invention is depicted in Fig. 3 wherein primers each having a 
nucleotide monophosphate containing at least one phosphorus-sulfur bond are employed in a PCR amplification. It is, 
of course within the purview of the present invention to conduct PCR with two primers, only one of which has a nu- 

30 cleotide monophosphate containing at least one phosphorus-sulfur bond As mentioned above, the PCR method can 
be used for forming multiple copies of at least one double stranded polynucleotide sequence. The sequence comprises 
a single stranded target polynucleotide sequence and its complementary sequence. A sample suspected of containing 
one or more of the double stranded polynucleotide sequences is treated with polynucleotide primers P'1 and P'2, each 
of which respectively, is capable of hybridizing to the target and its complementary sequence suspected of being 

35 present in the sample Conditions are chosen for hybridizing the primers to, and extending the primers along, the target 
and the complementary sequences. The primers are selected such that the extension product formed from one primer, 
when it is dissociated from its complement, can serve as a template for the formation of the extension product of the 
other primer As can be seen in Fig 3, the complementary sequences are T and T" T has sequences T'1 and T'2 and 
T" has sequences T"1 and T"2. P'1 hybridizes with T1 of V and P'2 hybridizes with T"2 of T" Under appropriate 

40 conditions P'1 is extended along T to give V and P'2 is extended along T" to give V. It is apparent from Fig. 3 that P'1 
and T'1 are complementary, P'2 and T"2 are complementary, P'1 and T"1 are homologous and P'2 and T'2 are homol- 
ogous The extended primers arc dissociated from their respective templates Molecules of primer P'1 hybridize to and 
are extended along T and V respectively, and molecules of primer P'2 hybridize to and are extended along T" and V 
respectively to yield V W. W and V. respectively As can be seen from Fig 3, repetition of the cycles results in multiple 
45 copies of W and W containing the target sequences. The cycles are carried out under conditions such that a primer 
extension product is formed using the single strands produced as templates, resulting in amplification of the target 
sequences and complementary sequences if present 

The method has application where the target polynucleotide sequence is DNA or RNA In one aspect the polyde- 
oxynucleotide primer is labeled with a label (reporter molecule) The reporter molecule can be. for example, a detectable 
m nrouo or a b.ndor such as biotin or a nucleotide sequence other than tho soouonco that hybridizes with the target 
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is 5' of S1 and is at least ten nucleotides long The medium is combined with an extender probe having two deoxynu- 
cleot.de sequences. Such an approach to s.ngle primer amplification is described above The sequence at the 3 -end 
of The extender probe (EP1 ) is hybndizable with St The other of the deoxynucleotide sequences (EP2) is ; homologous 
to S2 A polydeoxynucleotide primer capable of hybridizing with a nucleotide sequence complementary to S2 is included 
when modification of the extender probe does no. provide a primer The extender probe is present in a concen tra .on 
that is much less than the concentrate of the primer, usually one percent or less In accordance with ^ present 
invention the primer has a 3' terminus comprised ot a nucleotide monophosphate in which at least one phosphate 
oxygen is replaced by sulfur. Deoxynucleoside triphosphates and one or more polydeoxynucleotide polymerases are 
also combined. Conditions are chosen such that (1 ) the extender probe is hybridized with and ,s extended along the 
target polynucleotide sequence to form a duplex, (2) the extender probe not hybridized with the target polynucleo.de 
sequence ,s modified, (3) the extended extender probe is dissociated from the duplex, (4) the primer hybridizes with 
and is extended along the extended sequence to form a second duplex comprising extended primer. (5) the extended 
primer is dissociated from the duplex, and (6) the primer hybridizes with and is extended along said extended pr^er 
I form a duplex comprising extended primer Steps (5) and (6) are repeated and steps (a) and (b) are performed 
concomitantj or wholly or partially sequentially. Then, an examination ,s conducted for the presence of the extended 
P rmer the pLence thereof inditing the presence of the polynucleotide analyte Steps (5) and (6) are repeated a 
least three times, preferably, at least 10 times: usually ,t is preteraoie tnat the numoer of repetitions oe .ess man ^ 
General steps (5) and (6) are repeated a number of times sufficient to provide an accurate detection of the polynu- 
cleotide analyte. Where the polynucleotide analyte is RNA, the polydeoxynucleotide polymerase comprises a reverse 

20 tranS T C h ^ a o S n e djtjons concentrat|ons etc (or carry ing out these methods are analogous to those described above, unless 

n ° le ZTelte present method is utilized in single primer amplification or in PCR, the method is conducted for a time 
sufficient to achieve a desired number of copies of the extended primer or a sequence complementary thereto. This, 
in turn depends on the purpose for which the amplification is conducted, such as, for example an assay for a poly- 
nucleotide analyte Generally, the time period for conducting the method will be from about 1 to 1 0 minutes per cycle 
and any numbJ of cycles can be used from 1 to as high as 200 or more, usually 5 to BO, frequently 10-60. As a matter 
of convenience it is usually desirable to minimize the time period and the number of cycles. In general, the time period 
for a g,ven degree of amplification can be shortened, for example, by selecting concentrations of nucleoside triphos- 
phates sufficient to saturate the polynucleotide polymerase and by increasing the concentrations of polynucleo.de 
polymerase and polynucleotide primer. Generally, the time period for conducting the method will be from about 5 to 
200 minutes As a matter of convenience, it will usually be desirable to minimize the time period. 

As mentioned above, a primary advantage of the present invention is that a template dependent P^^° ' de 
polymerase having 3' exonuclease activity can be used in amplification of polynucleotides The concen rat™ of _th« 
polymerase will be chosen to be sufficient to accomplish chain extension The concentration of the template^ependent 
polynucleotide po , y merase ,s usually determined empirically Preferably, a concentration ,s used that is 
that further increase in the concentration does not decrease the time for the amplification by over 5-fold, preferably 
2-fold The primary limiting factor generally is the cost of the reagent 

The copies of extended pr,mer(s) can be detected in numerous ways For example, in the present method, mole- 
cules of the polydeoxynucleotide primer can be labeled with a reporter molecule such as a ligand, a small organic 
molecule, a polynucleotide sequence, a protein, support, a member of an operator-repressor pa.r. intercalation dye 
and .he like Any standard method for specifically detecting nucleic acid sequences can bo used It is important to note 
that s,nce sulfur atoms are being incorporated into the products of the amplification in accordance with the presen 
invention these sulfur atoms can constitute a reporter molecule the presence of which ,s related to the presence of 
the target polynucleotide In this approach the products of the amplification can be treated in a number of ways chem- 
ically to detect the presence of sulfur atoms For example, the products of the reactions ,n accordance with the pre s t 
invention can be treated with an enzyme that cleaves the bond opposite the phosphoro.hioate linkage ,n .he double 
stranded product Such an en/yme is. for instance, Hinc II In another approach the products o. the reactions can be 
treated chemically by known procedures to cleave the phosphoroth.oate bond Other ways of detecting .he presence 
of sulfur atoms m the reaction products will be suggested to those skilled in the art 
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es. as described above monophosphate having a 3' lermi " US ^ 

triphosphates, and (c a empia v ucleotld e sequence comprises the above extend 
activity A k,t for amplif^^^^ 

would include in addition a second P°'y" uc ' e ™ J for the extension of the other. The » 8 ^ ^ f ur bond 

o. one along sa,d target •e^"^^ ^hosophate that contains at leas tone u. 

vention oermit. 



whore cross-reactiv,ty and shelf life perm.t 
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35 FXAMPLE 1 

M, inn n^n Inverted Repeat 
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Piefii^^^ le , was earned ou, in accordance with 

deoxynucleotide tnphosphates (dNTPs) *« s ^ cx P (cndcr probe ON2. the above ^ et DNA 
ON1 (polydeo^^ 

,or 5 minutes and cooled to room «e^ r » % was addcd (5 units) and the tomp^ratu™ w» ^ 
Tag polymerase (Stratagene, Inc.. San Diego, o , Th)g lemperalure profile was LE 

ararose FMCBioHrouuoi&. xv lene cyanol and 1 b o ncuh. iyy buffer (0.1M Tns 

to a 6X dvo (0 25% bromophebol blue.^0 25 c , xyie^ to oloc , rop horeses in 1X TBE bufle t 



qua-t'ficd .snp a 
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^ xciT TCG TTT TAT T 3' (SEQ ID 
OMi: 5' TGT TGT TCC GTT AGT TCG 

HO: 2) 



5 . TGT TGT TCC GTT AGT TCG TTT TAT TCA TAG TTA GCG 

rpn>v kAA GTT TTG TC 3' (SEQ ID NO:7) 
TAX CGA TCT AAA *^ 



ON 2 
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* t \ n < ih Q a 1 ppnt ultimate iPositionJs 
LPnmerswiUiPhos^ 
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t^^^^ as a terget sequence ,n s,n,e primer ampliation 

uxy gen bonds a. described more ™ ed , p bold (ace as .o.lows 

,ne ummate and penultimate nucl » ~ ^ ^ p ^ 2 

ol approximately 300, 30 ana J o\ 
pre-ampl.tication 41 5mer concentrations 

nt„n.na FxtonderProbe^^ 



nets as :ho extondc ^or>.; m : r 



to onvo a 



r^o ilication 



, :ho oxicrdc- p.cto c .qc^c-cotKJc WrfSCrf- 



ca'ricd cut 
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9mop ' 0 ^ AppM B,osy 

3 ■ TC ATT STA OCT CGT CCA 0C0 CCT AAA OCT . , T 

( in mn microliter reactions containing an 
•InlVorobe (0 5 and 1 micromolar initial concentration) Reactants w ^ ^ gi exonuclease 

are snowmi y ^tender orobe 



FXAMPLE 4 
pCRAmfihtati^^ 
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ol Pnmer G ^ -GTT ^GAA ATT ^AAA ^ ^ ^ M0 h a od to 95 , C urolscycled 

„,hemob«,« S olmolecuW«e.9™^«rds8 9 



«mpM-c«t.on of nucleic ri cds mccnHn.^ 
[he hbovcaiscuss-on .-.eludes --o .a t -o _ 



s invc'voi in the present invents 



Theso theories 
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(d) hydndizing a primer to the 3 ena ot in« 
at its 3-end, and 

W extendi sa,d primer a,ong said extended extender probe, 
method comprising the steps of ^_ 

bridged with sad polynucleotide is modified 

bnaizea wm k r3n o b | C of hybridizing with 



EP3 being capable ol hybridizing with said EP1 



•• • " . . ... t ^.it- ... -LXieCide so-jL.ciu.0 (.omp., - _,„,,„„ D „ me ' hybMdi/os wit' 

* ' V-^ -," ^ p ^ s rordo-oo s^o s^nocd 2, PO,Ccox V; uc- uA^P ^ ,. ,, , „ 

s^id extended extender proo. - ......... .-.-.-<-■-- ■ ! .r ^ ' 



30 



EP 0 549 107 B1 



10 



15 



20 



25 



, , a nrt ,a, said primer hybridizes with and is extended along sad 
10 The method ot Claim 9 wherein steps (3) and (4) are repeated 

S fS alonq said target polynucleotide sequence to form a ^P ,e *; ^ dissociated horn ^d uup,ex^ 



is at least ten nucleotides long, 

capable of hybridizing with EP1 wherein sa d NS m « > a ^ ' sequ ence complementary to S2, (4) 
3) a polydeoxynucleotide primer capable of ^ 

SoxynuCeosLtriphosphates, (5)andDNAtempWe ^ pendent P y y ^ extender prQb g 

Tons wherem (A) said extender probe is hybridized wrth and is ^ ^ ^ sald targe , 

sa d target polynucleotide sequence to form a du pie x. ^ s*d exte P ^ ^ d 

oolvnucleotide sequence is extended along NS. (C) said exte f Qbc (o forrT1 a duplox 

Sex (D) sa,d pier hybr,d,zes with and «rom sa,d duplex, and <R said primer 
comprisng extended primer. (E) said extend* 

rhr-VT t: ^ — t,y °' wh0,,y or p 

sequentially, and 

(c) exammmg for the presence of said extended pnmer. 

rt pn„ral to a single stranded target polynucleotide sequence 
14 . A method for forming a polynucleotide sequence identical to s,ng 
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■■ - ■ ■ i- ' ,, . 0 ,,--0 ^2 ^ '.no 5 of s-.id '.nrgc'. soquo 

-J a se^crco l'^ * 5J - s:Hn:j ^ s*.ci EF2 sea.cncc H,d 

,,^e^sa,c extcneof p'ooo cc^t^ps a. csp 
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5 A kit comprising in packaged combination; 

and non-contiguous with said first sequence. 

hydrolyzing said extender probe, 
the steps o1: 

is at least ten nucleotides long, 
^^n.ngsa.me.umw^^^^ 

U sequence at the 3'-end of ^^ender PjJ^Pl^ hjb f probe contains at , st one 

nucleotide sequences (EP2) « substantia ^ .dent^a, to S2 wn eo „ de pnmer capable 0 f hybrid- 

phosphoroth,oate diester and is capable of degrading to o ^ a P J ^ trjpnospnate s, and (4) DNA tem- 
izing with a nucleotide sequence ^ exlender probe 1S nybrld - 

plat 9 e dependent polynucleotide po ^^".^^ (orm a duplex, (B) said extender probe 
,zed w,th and is extended along said target PO'V nuc ^ q J forrT1 s£ud po | ydeoxy nucleotide primer (C) 
no, hybridized with said target nucleot.de sequence s J^ed to P ^ ^ |s ^ 

sa ,d extended extender probe ,s diss ocia * '™ £ dlss L,a.ed from said duplex, and (F) sa,d 

a ,ong sa,d extended extender ^^^f^Z f pnmer to form a duplex comprising extended 

p P = srr " ~ «■> - - p — d ™ ,,y or whony 

or partially sequentially, and 

,c) examining for the presence of said extended primer 

•s»K83=s«="- 

<t» extending snid polynucleotide pnmor nlonq U net ^ 



be J 
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p„, y „uc,co,,d= sequence Cargo, sequence', sa,d me.hod eompns.ng ,n. Mop. ol 

, al ,o « 3-end - *a,d „,ge, sequence , « eo.ynuCcc.d. e„mc, P„m.O -a,n m9 a, 

least one phosphorous-sulfur bond, 

(b) extending said first primer along said target sequence 

(c) dissociating said °*^«'«? m ^^££Z^^*«i» primer ("second primer") 

(d) hybridizing to the ,-end «»« said L pr,mer, and . 
wherein said second primer can be the same a **™° f extended second primer wherein. 
(., extending said second primer ^fj^ e ' ^Td f s t rimer is a template tor said first primer 

a ;^Z ^e«6e6 second primer is a tempiate for sa,d first pnmer 
21 The method of Cla.m 20 wherein sa,d f,rs, and second pnmers are the same 



primers 



Patentanspruche 

, ^^^^ 

eines Polynukleotids, das fret von mcht modrfiz.erter Ver ange g ^ Rolynukleo . 

sequenz ist, welches Verlahren umfaBt 

Ug„ung s so»d.. «=*« die »'■ 

quenz S2 am 5'-Ende de, e,nze,slrang,gen ^.^wawi 

S25« P.>™» -« 3"-Ende da, .ertangedan Ved,ng.,»g !s =nda. Pnm., d» 

Ve,"ang«,ungssondo »,. .elchcs *Mi.» *° 

k omplen,en«,en NuWeol.dsequenz.n SI und » S ^ ™ ' „ mla „, ^ dle Sequenz am 
,»„ a ,P) a,na, Ve«ng.™ngs,onde, d,e ,„, C^oynu »^ Desoxyauk,eo„dsequenz EP2 

^r:: strsrrm »;.r;:, s ::rcpea d 0S * »* ™ *»■ 
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wobei EP3 imstande ist mit EP1 zu hybridisicron 

Vo.ah.cn nach Anspruch 3. wonn das M„,el e,n Mt... zum Abbau des ,-Endes der Veriangerungssonde ,s, 
Verlahren nach Anspruch 6 wonn das Mrtte. e,n Enzym m,t S'-Exonukiease-AkUvKat umtaOt 



z 

2U hybridisieren. 
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o.ynukleotu-P.ime,. der imsrande i». m.ndes.er,, an «• 3 En* m ..n» » „ ,„„«,. 

„dL,u,„z *u *»b— . Zn W.l^elssLde ^.«».»r. 

10 Verlahren nach Anspruch 9 worin rite Schrtte (3) und (4) wiedarhoit we.uen. 

„. Vertahren nach Anspruch 3 zur Repii.erung 

quenz zwe, n.cht anoinander umfa3. den Schntl: 

we,ls mmdestens 10 Nukleot,de lang sind. wobe, S2 5 von , SI l«»gt, weic sequ entiell. von (1) der 

der Bereitstellung in Kombination, entweder 9'^rt« od^ga^r to q ^ ^ ^ 

Target-Poiynukleotidsequenz, (2, e,ner ^^^^ andere Desoxynukleotidsequenz 

quenz am 3'-Ende der Verlangerungssonde.EPI m.tS1 h V brl ™ D ; r 3 .. Endes der mlt der Target- 

EP2 homolog zu S2 ist, (3) einem Mittel zur Verlangerung oder zur, ^^JJ^^u-Pfim*. der die 
Polynukleotidsequenz nicht hybrid.sierten Verlangerungssonde, (4) e ^ erzeugt werden kann, 

SeoU S2 an --. 3^— ein 
,5) DNA-Polyrnerase u (6) ^^^^^Sid-equeSz hybr,dis,ert und daran entlang verlangert w,rd (verlan- 
Verlangerungssonde m.t der Target P°* n ™ e ™° £ 1 Target-Nukleotidsequenz hybndisierte Verlange- 
gerte EP). um e,nen Doppelst rang : ,u brtdon £ ^ ™ de ^ £p yon dem Doppelslran g d,s- 

rungssonde an ihrem 3'-Ende verlangert oder ab 9 eb ^™ ^ rt und daran entlang verlangert wird, um einen 
scJert wird. (D) der Primer mit der verlangerten EP hybrid, ™ 9 VQn dem Doppelstra ng dis- 
□oppelstrang zu b„den, der ^^^^'^X^^^ ^ ™ 

L die schr,,,e (E) und (F) w,ederholt werden 

13 . Vertahrcn nach Anspruch 3 zum Nachwcs dor Anwcscnhoit oinas Po ly nuk, e o„d-Ana,y,en weiches Vertahren 

umtaBt die Schntte 

(a) der Behandiung e.nes Med,ums, von dem angenommen ^^^^^Z^L 
um aus dem Pclynuklcot.d-Analy.en. (alls vorhandoa e.no o.nzols rang go Targ * N(J . 
b „den, weiche Tar ge t-Po,ynukleo„dse q uen ; ; zwe, n,ch ^^^^^^ lang ,s,. 
kieofdsequenzon St und S2aufwe ISt , wobe, S2 5 vo S1 '«9«^ a Des0 xynukleo.,dsequenz e n 

(b ) der Kombination des Med.ums mit (!) e.ner ^% U "J S ^ m,t zw V ^ ^ 
wobe, d,e Sequenz - ^ ^ ^ < NS > *» ^ n 
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w,rd (D) der Primor m,t der verlangerten Verlangerungssonde hybrid.siort und daran entlang verlangert wird 
Z e nen Soppels.rang zu bilden. der verlangerten Pnmer umlaBt. (E) der verlangerte Primer von dem Dop 
;Z Z g Soznert i und (F) dor Pnmer m„ dem verlangerten Pnmer 

lanaert wird um einen Doppelstrang zu bilden. der verlangerten Pnmer umtaBt, und die Schr, s (E) und _(F) 
wSholI warden . wobe, dTe Schritte (a, und (b, gle,chzei„g Oder ganz Oder .eilweis. sequent,,, durchge.uhrt 

werden. und 

(c) der Prufung auf die Anwesenheit des verlangerten Primers 
14. Verfahren zur Hers.ellung einer Polynukleotidsequenz, die mi. einer einze,strang,gen Targe.-Polynukleo.idsequenz 

io identisch ist, welches Verfahren umfaBt: 

(a) Kombina.ion der einzels.rangigen Targe.-Polynukleo.idsequenz. eines Oder mehrerer Enzyme mit DNA- 
plrTrase und 3-Exonuklease-Ak.,v,tat, und e,ner Verlangerungssonde. welche an ihrem 3 -Ende e ne Se- 
q!7 P d komplementar zu e,ner Sequenz S1 am 3'-Ende der einzelstrangigen , Targe^Po ynuUeo d 
n7 ' und elne sequenz EP2, die im wesentlichen identisch mit einer Sequenz S2 am 5 -Ende der 
Tget Saenz's; umIS, Ibei die Vertangerungssonde mindes,en S e,n Pnosphoro.hioa. mnerhalb der 
ppo Cfinufin/ gnthalt in einem Medium und 

Z se^Zn"T Mediums, um die Hybna.sierung der Verlangerungssonde m,t dem einzelstrang.gen ^Tar- 
oe Pdvnuke^ 

get-Polynukleotid^ die vena g g einzelstrangigen Target-Polynukleotidsequenz hybndi- 

entlang der verlangerten Verlangerungssonde zu veranlassen 
25 15. Kit, umfassend in abgepackter Kombination; 

eine Verlangerungssonde, die an ihrem 3'-Ende e.ne Sequenz (EP1) aufweist, die mit einer ersten Sequenz 
e nl tgr^ynukleotidsequonz hybridisierbar ist, und eine Sequenz (EP2, aufweist d-^m ^ hen 
.dentisch mrt einer zweiten Sequenz der Targe.-Polynukleotidsequenz ,sl wobe, ,n d ese Target-Polynukleo 

kann, wenn kem anderweitiges Mittel zur Bildung des Primers anwesend ist. 

35 16 Kit umfassend e,ne Verlangerungssonde mit mmdes.ens emem Phosphorothioat-Diester und eine 3'-Exonuklea- 
se, die zur Hydrolysierung der Verlangerungssonde imstande ist. 
17. Verfahren nach Anspruch 3 zum Nachweis der Anwesenheit emes Polynukleo.id-Analyten welches Verfahren 
40 umfaBt die Schntte: 

,a) der Behandlung einos Mediums, von dem angenommon w.rd daB cs den Polynukloo.id-Analy.en onthalt 
um aus dem Poynukleotid-Analy.en. falls vorhanden e.ne emzelstrangige Targe.-Polynukleo .dsequenz z 
Iden weThe Target-Polynukleotidsequenz zwe, nich, ancnandor angrenzendo. nicht-komplementare Nu- 
b Idon welche large y mjn destens 10 Nukleotide lang ist. 

S KoTb Z2 VZ ^Mediums " "einer Verlangerungssonde. die von zwe, Desoxynukleot.dsequenzen 
e deS wobei d e S Seque nz am 3-Ende der Verlangerungssonde ,EP1 ) mrt S1 hybnd.sierbar is. und die 
a d era De ^ oxynukleot.dsequenz (EP2) im wesen.hchen identisch m,t S2 .... wobe, d.e Verlangerungs sonde 
m Sesten e e n PhoSp horo,h,oat-D,ester enthal, und imstande ,s. abgebaut zu «erden um e,nen Pohjdes- 
c^ So"d Pnmer zu bilden. der m, einer zu S2 komplementaren Nukleotidsequenz hybrid.sieren kann ^ 
Desoxynukleos.d-Triphosph.alen und (4) DNA-Matnzen-ab^ncr,- p^-h— - 
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wiGderholt wcrden, wobci die Schntte (a) und (b) gleichzeitig odor ganz oder teilweise scquentiell durchgefuhrt 
werden und 

(c) der Prufung auf die Anwesenhcit des vcrlangerten Primers 

18. Verfahren zur Herstellung emer Polynukleotidsequenz, die zu etner emzelstrangigen Target-Polynukleotidsequenz 
("Target Sequenz") komplementar ist, welches Verfahren umfaGt die Schntte: 

(a) der Hybridisierung des 3'-Endes der Target-Sequenz mit einem Polynukleotid-Primer, welcher einen 3'- 
Terminus aufweist, der ein Nukleotid-Monophosphat umfaGt, in dem mindestens ein Phosphatsauerstoff durch 
Schwefel ersetzt ist, 

(b) der Verlangerung des Polynukleotid-Primers entlang der Target-Sequenz und 

(c) der Dissoziierung des verlangerten Polynukleotid-Primers von der Target-Sequenz 

19. Verfahren nach Anspruch 18, worm 1 bis 5 Phosphatsauerstoff e durch Schwefel ersetzt sind 

20 Verfahren nach Anspruch 18 zur Herstellung einer Polynukleotidsequenz, die eine Sequenz aufweist, welche mit 
Ausnahme rior Anwesenhcit cincr Phosphcr-Schwefei-Bindung anstelle einer Phosphor-Sauerstoff-Bindung mit 
einer emzelstrangigen Target-Polynukleotidsequenz ("Target-Sequenz") identisch ist, welches Verfahren umfaBt 
die Schntte 



(a) der Hybridisierung des 3'-Endes der Target-Sequenz mit einem ersten Polynukleotid-Primer ("erster Pri- 
mer"), der mindestens eine Phosphor-Schwefel-Bindung enthalt, 

(b) der Verlangerung des ersten Primers entlang der Target-Sequenz, 

(c) der Dissoziierung des verlangerten ersten Primers von der Target-Sequenz, 

25 (d) der Hybridisierung des 3'-Endes des verlangerten ersten Primers mit einem zweiten Polynukleotid-Primer 

("zweiter Primer"), wobei der zweite Primer gleich dem oder verschieden von dem ersten Primer sein kann, und 
(e) der Verlangerung des zweiten Primers entlang des verlangerten ersten Primers, urn verlangerten zwetten 
Primer zu bilden. wobei, wenn die ersten und zweiten Primer gleich sind, der verlangerte erste Primer eine 
Matrize fur den ersten Primer ist, und wenn die ersten und zweiten Primer verschieden sind. der verlangerte 

3 o erste Primer eine Matrize fur den zweiten Primer ist und der verlangerte zweite Primer eine Matrize fur den 

ersten Primer ist 

21. Verfahren nach Anspruch 20, worin die ersten und zweiten Primer gleich sind. 

35 22. Verfahren nach Anspruch 20 und 21 , worin Bedingungen gewahlt werden, urn einen wtederholten Zyklus zu er- 
halten, so daB verlangerte Primer von ihren Matnzen dissoznert werden und die Primer dann mit den verlangerten 
Primem hybridisiert und daran entlang verlangert werden. 



40 Revendications 

1. Procode do production, a partir d'unc sonde d'extension ct d'unc sequence polynucleotide ciblo simple bnn. 
d'un polynucleotide depourvu d'une sonde d'extension non modifier ledit polynucleotide ayant une sequence 
identiquc a ladite sequence polynucleotide cible liee au niveau de son extremite 3' a une sequence polynucleo- 
45 tidique complementaire d'une sequence polynucleotide au niveau de i'extremite 5' de lad.te sequence polynu- 

clootidique cible, ledit procedc comprenant : 

(a) I'hybndation a I'extremite 3' de ladite sequence polynucleotidique cible simple bnn de I'extremite 3' de ladite 
sonde d'extension dans laquelle ladite sonde d'extension contient une sequence essentiellement identique a 
so une sequence S2 a I'extremite 5' de ladite sequence polynucleotide cible simple bnn 



n i dlic^'jerronl co -;J':o -j-o'-e o onq do Ik: :<: y^o- c oxto-s on -V'ong 
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iadite extremite 3' do laditc sonde d'cxtcnsion non hybndec a faditc sequence polynucleotidique cible simple bnn 

3. Precede de production a partir d'une sonde d'extension d'un polydesoxynucleotide (PDN) ayant deux segments 
qui soni non juxtaposes et complementaires I'un de I'autre. ledit PDN etant essentiellement depourvu de Iadite 

5 sonde d'extension. ledit procede comprenant les etapes 

de reunion (a) d'un polynucleotide ayant deux sequences nucleotidiques non juxtaposees, non complemen- 
taires S1 et S2 dans lequel S2 se trouve en 5' de S1 et mesure au moms dix nucleotides de longueur, (b) 
d'une sonde d'extension constitute de deux sequences desoxynucleotidiques, dans laquelle la sequence a 
io I'extremite 3' de Iadite sonde d'extension, EP1 , est susceptible de s'hybrider a S1 et I'autre desdites sequences 

desoxynucleotidiques. EP2, est homologue a S2, et (c) d'un moyen pour modifier chimiquement I'extremite 3' 
de Iadite sonde d'extension qui ne s'hybride pas audit polynucleotide, et 

d'allongement de Iadite sonde d'extension le long dudit polynucleotide dans lequel I'extremite 3' de Iadite 
sonde d'extension non hybridee audit polynucleotide est modifiee 

15 

4. Procede selon la revendication 3, dans lequel ledit moyen comprend une sequence nucleotidique EP3 capable 
de s'hybrider a Iadite EP1 

5. Precede buiun Id i v vunuicaiiun 3, dans iequei iedii moyen comprend une sequence nucleotidique LP3 dans Iadite 
20 sonde d'extension, Iadite EP3 etant capable de s'hybrider a Iadite EP1 . 

6. Procede selon la revendication 3. dans lequel ledit moyen est un moyen de degradation de I'extremite 3' de Iadite 
sonde d'extension. 



25 7. Procede selon la revendication 6, dans lequel ledit moyen comprend une enzyme douee d'activite 3'-exonuclease 

8. Procede selon la revendication 6, dans lequel Iadite sonde d'extension est degradee en vue de donner une amorce 
polydesoxynucleotidique capable de s'hybrider au moms au niveau de son extremite 3' a une sequence nucleoti- 
dique complementaire de S2. 

30 

9. Procede selon la revendication 3, qui comprend en outre I'inclusion dans Iadite combinaison d'une amorce poly- 
desoxynucleotidique capable de s'hybrider au moms au niveau de son extremite 3' a une sequence nucleotidique 
complementaire de S2 dans des conditions telles que (1) Iadite sonde d'extension allongee est convertie en une 
structure simple brin, (2) Iadite amorce polydesoxynucleotidique s'hybride a et subit un allongement le long de 

35 Iadite amorce d'extension allongee en vue de former un duplex comprenant I'amorce allongee, (3) Iadite amorce 

allongee est dissociee dudit duplex, et (4) Iadite amorce s'hybride a et subit un allongement le long de Iadite amorce 
allongee de maniere a former un duplex comprenant I'amorce allongee 



10. Procede selon la revendication 9, dans lequel les etapes (3) et (4) sont reiterees 
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11. Procede selon la revendication 3 pour la replication d'une sequence polynucleotidique cible. Iadite sequence po- 
lynucleotidique cible ayant deux sequences nucleotidiques non juxtaposees ct non complementaires S1 et S2 
mesurant chacune au moine 10 nucleotides de longueur, dans laquelle 52 se trouve en 5' de 31 ledit procede 
comprenant I'etapc 

45 de reunion, soit simultanement soit de maniere en partie ou totalement sequentielle (1 ) de Iadite sequence 

polynucleotidique able. (2) d'une sonde d'extension ayant deux sequences desoxynucleotidiques dans laquelle 
la sequence a I'extremite 3' de Iadite sonde d'extension EP1 . est susceptible de s'hybrider a S1 et I'autre desdites 
sequences desoxynucleotidiques. EP2. est homologue a S2 , (3) d'un moyen pour allonger ou deqrader I'extremite 
3' de Iadite sonde d'extension non hybridee a Iadite sequence polynucleotidique cible. (4) d'une amorce poJyde- 

50 soxynuc leotidiquo constitute delasequenceS2a son extremite 3' ou Iadite amorce pout et re direct ement introduite 

ou generee in situ (5) d'ADN-polymerase e! (6) de desoxynuclooside-triphosphatos dans des conditions telles 
que f A) une fraction de Iadite sonde d'extens ; on s'hybride a et subit un allonaomont (F p allonqeei le lonq dn Iadite 
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12. Procede scion la revcndication 1 1 dans lequcl ladite amorce polydesoxynucleotidiquc est gencrce par degradation 
de ladite sonde d'extension, et dans lequel le groupe phosphate le plus proche de I'extremite 3' de ladite amorce 
est rempiace par un groupe phosphorothioate 

5 13. Procede selon la revendication 3 pour la detection de la presence d'une substance polynucleotidique a analyser 
ledit procede comprenant les etapes 



(a) de traitement d'un milieu presume contenir ladite substance polynucleotidique a analyser en vue de former 
une sequence polynucleotidique cible simple brin a partir de ladite substance polynucleotidique a analyser, 

10 eventuellement presente. ladite sequence polynucleotidique cible ayant deux sequences nucleotidiques non 

juxtaposees, non complementaires S1 et S2 dans lesquelles 52 se trouve en 5' de S1, et mesure au moins 
dix nucleotides de longueur, 

(b) de combinaison dudit milieu avec (1 ) une sonde d'extension ayant deux sequences desoxynucleotidiques 
dans laquelle la sequence a I'extremite 3' de ladite sonde d'extension (EP1 ) est susceptible de s'hybrider a 

15 S1 et I'autre desdites sequences desoxynucleotidiques (EP2) est essentiellement identique a S2 (2) une 

sequence nucleotidique (NS) dont une partie est capable de s'hybrider a EP1 dans laquelle ladite NS peut 
etre une molecule distincte ou une partie de ladite sonde d'extension, (3) une amorce polydesoxynucleotidique 
capable de s'hybrider a une sequence nucleotidique complementaire de S2, (4) des desoxynucleoside-tri- 
phosphates, (5) ei une poiydesoxynucieotiae-poiymerase ADrM-aependante dans des conditions telles que 

20 (A) ladite sonde d'extension s'hybride a et subit un allongement (sonde d'extension allongee) le long de ladite 

sequence polynucleotidique cible en vue de former un duplex, (B) ladite sonde d'extension non hybridee a 
ladite sequence polynucleotidique cible subit un allongement le long de NS, (C) ladite sonde d'extension al- 
longee se dissocie dudit duplex, (D) ladite amorce s'hybride a et subit un allongement le long de ladite sonde 
d'extension allongee en vue de former un duplex comprenant I'amorce allongee, (E) ladite amorce allongee 

25 se dissocie dudit duplex, et (F) ladite amorce s'hybride a et subit un allongement le long de ladite amorce 

allongee en vue de former un duplex comprenant I'amorce allongee. en veillant a repeter les etapes (E) et 
(F), procede dans lequel (a) et (b) se deroulent simultanement ou de maniere en partie ou totalement sequen- 
tielle et 

(c) I'analyse de la presence de ladite amorce allongee. 
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14. Procede de production d'une sequence polynucleotidique identique a une sequence polynucleotidique cible simple 
brin, ledit procede comprenant 

(a) la reunion dans un milieu de ladite sequence polynucleotidique cible simple brin, d'une ou de plusieurs 
35 enzymes douees d'activite ADN-polymerase et 3'-exonuclease, et d'une sonde d'extension constitute a son 

extremite 3' d'une sequence EPI complementaire d'une sequence S1 a I'extremite 3' de ladite sequence po- 
lynucleotidique cible simple brin et d'une sequence EP2 qui est essentiellement identique a une sequence S2 
a I'extremite 5' de ladite sequence cible dans laquelle ladite sonde d'extension contient au moins un groupe 
phosphorothioate au sein de la sequence EP2, et 
-to (b) le traitement dudit milieu en vue d'induire I'hybndation de ladite sonde d'extension audit polynucleotide 

cible simple brin. I'allongement de ladite sonde d'extension le long de ladite sequence polynucleotidique cible 
simple brin. la degradation do roxtrcmitc 3' de ladite sonde d'extension non hybridee a ladite sequence poly- 
nucleotidique cible simple brin en vue de former une amorce ayant a son extremite 3' Indite sequence EP2 
i'hybndation de ladite amorce a la sonde d'extension allongee ct I'aHongcment de ladite amorce le long do 
^5 ladite sonde d'extension allongee 



15. Trousse comprenant dans un meme coffret 



une sonde d'extension ayant a son extremite 3' une sequence (EP1 ) susceptible de s'hybrider a une premiere 
sequence dans une sequence polynucleotidique cible et ayant une sequence (EP2) qui est essentiellement 

identique a une douxieme sequence de ladite sequence polynucleotidique cible dans laquelle dans ladite 
seauence polynucleotidique c^blc ladite deuxierne sequence so tfouve on 5' o f est non "jxtaposoo a 'adi*n 
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16. Trousso comprenant une sonde d'c<tension comportant au moms un diostcr do type phosphorothioatc ct une 3'- 
exonuclease capable d'hydrolyser Indite sonde d'extension 

17. Procede selon la revendication 3 pour la detection de la presence d'une substance polynucleotidique a analyser. 
5 ledit procede comprenant les etapes 

(a) de traitement d'un milieu presume contenir ladite substance polynucleotidique a analyser en vue de former 
une sequence polynucleotidique csble simple brin a partir de ladite substance polynucleotidique a analyser, 
eventuellement presente ladite sequence polynucleotidique cible ayant deux sequences nucleotidiques non 

io juxtaposees, non complementaires S1 et S2 dans lesquelles S2 se trouve en 5' de S1 , et mesure au moms 

dix nucleotides de longueur, 

(b) de combinaison dudit milieu avec (1 ) une sonde d'extension composee de deux sequences desoxynucleo- 
tidiques dans laquelle la sequence a I'extremite 3' de ladite sonde d'extension (EP1) est susceptible de s'hy- 
bnder a S1 et I'autre desdites sequences desoxynucleotidiques (EP2) est essentiellement identique a S2 dans 

15 laquelle ladite sonde d'extension contient au moms un diester de type phosphorothioate et est degradable de 

Tianiere a former une amorce polydesoxynucleotidique susceptible de s'hybrider a une sequence nucleotidi- 
que complementaire de S2 : (3) des desoxynucleoside-tnphosphates. et (4) une polydesoxynucleotide-poly- 
merase ADN dependante dans des conditions telles que (A) ladite sonde d'extension s'hybnde a et subit un 
aiiunyement ie iong de iadue sequence poiynucieotidique cioie en vue de former un duplex, (6) ladite sonde 

20 d'extension non hybndee a ladite sequence nucleotidique cible est degradee en vue de former ladite amorce 

polydesoxynucleotidique, (c) ladite sonde d'extension allongee se dissocie dudit duplex, (D) ladite amorce 
s'hybnde a et subit un allongement le long de ladite sonde d'extension allongee. (E) ladite amorce allongee 
se dissocie dudit duplex, et (F) ladite amorce s'hybnde a et subit un allongement le long de ladite amorce 
allongee en vue de former un duplex comprenant I'amorce allongee. en veillant a repeter les etapes (E) et 

25 (F), procede dans lequel les etapes (a) et (b) se deroulent simultanement ou de maniere en partie ou totalement 

sequentielle, et 

(c) d'analyse de la presence de ladite amorce allongee 

18. Procede de formation d'une sequence polynucleotidique complementaire d'une sequence polynucleotidique cible 
30 simple brin (" sequence cible ") ledit procede comprenant les etapes 

(a) d'hybridation a I'extremite 3' de ladite sequence cible d'une amorce polynucleotidique dont I'extremite 3' 
est constitute d'un nucleotide-monophosphate dans lequel un atome de soufre se substitue a au moms un 
atome d'oxygene du groupe phosphate, 

35 (b) d'allongement de ladite amorce polynucleotidique le long de ladite sequence cible et 

(c) de dissociation de ladite amorce polynucleotidique allongee de ladite sequence cible. 

19. Procede selon la revendication 18 dans lequel un atome de soufre se substitue a 1 a 5 atomes d'oxygene du 
groupe phosphate 

40 

20. Procede selon la revendication 18 pour former une sequence polynucleotidique ayant une sequence identique 
mis a part la presence d'une liaison phosphorc-souf re a la place d'une liaison phosphorc-oxygene. a une sequence 
polynucleotidique cible simple brin (" sequence cible "). ledit procede comprenant les etapes 

■*5 (a) d'hybridation a I'extremite 3' de ladite sequence cible d'une premiere amorce polynucleotidiaue Pcremiere 

amorce ") cpntcnant au moms une liaison phosphorc-souf re 

(b) d'allongement de ladite premiere amorce le long de ladite sequence cible. 

(c) de dissociation de ladite premiere amorce allongee de ladite sequence cible. 

(d) d'hybridation a I'extremite 3' de ladite premiere amorce allongee d'une deuxierne amorce polynucleotidique 
50 r deuxierne amorce ") dans laauelle ladite deuxierne amorce peut etre identique ou dtfferente de ladite pre- 
miere amorce ot 

'o] d'allongement de ladite deuxierne amorce le long de ladite premi6 r o amorce allongee en vue de former 



21 
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22. Procede scion la rcvendication 20 ou 21 dans Icqucl Ics condittons sont choisies do rnanicro a obtcnir unc sene 
de cycles de sorte que les amorces allongees se dissocient de leurs matrices et lesdites amorces s'hybrident 
ensuitc a ct subisscnt un allongement le long desditcs amorces allongees 
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SECOND ASPECT OF INVENTION 



Fig. 3. 
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